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a new standard of excellence 


There's a new standard for perfection in signal processing —Jerrold's 
Commander II, a compatible family of heterodyne processors, mod- 
ulators and accessories. Features include !] group-delay equalization 
from edge-to-edge of the video-information passband insures perfect 
pictures [1] incremental, harmonic or single-channel phase lock 
|] built-in IF switching for signal replacement/emergency alert 1 100% 
crystal controlled for maximum stability of broadcast-quality signals. 

Commander II! performance includes ‘] spurious-output charac- 
teristics: -70 dB from 5 to 350 MHz at 60 dBmV output 
(1 adjacent-channel selectivity: -60 dB rejection of adjacent chan- 
nels; suitable for CATV hub processing C input-overload perfor- 
mance: -80 dB or better intermod for adjacent channels, each at 10 
ABmvV; -80 dB or better cross-mod with any number of channels, each at 
10 dBmV ‘1 noise figure: 5 dB low-band, 6 dB high-band, 9 dB 
UHF |] carrier-to-noise ratio: 60 dB C/N at10 dBmV VHF; 57 dBC/N at10 
GBmV UHF 3 thoroughly field tested. 

For complete information, contact YOUR MAN FROM JERROLD or call 
or write us to request the new Commander III bulletin. 


JERROLD ELECTRONICS CORPORATION / CATV Systems Division, 200 Witmer Road / Horsham, Pa. 19044. (215) 674-4800 
NORTHEASIERN OFFICE 850R Providence Hwy US Rt 1 Dedham. Mass 02026 (617) 329-4790 


EASTERN OFFICE 200 Witmer Road Horsham Pa 19044 (215) 674-4800 

SOUTHERN OFFICE 1 Perimeter Place. Suite 104 Atlanta. Georgia 30339 (404) 432-3402 

MIDWESTERN OFFICE 1334 Atlantic Avenue N Kansas City, Mo 64446 (816) 842-1130 JERROLD 
WESTERN OFFICE 1255 Veterons Blvd Redwood City. Cali! 94063 (415) 366-5200 


CANADA Jerrold Canada tor Sales and Service a GENERAL INSTRUMENT company 


SuperWarranty 


We have enough faith in our products, 
our people and our customers to put it in 
writing. Not just a warranty, but a written 
performance guarantee. The only one in 
the industry. When you buy the Super- 
Connector, the SuperWarranty 

comes with it, for no additional charge. 
We tell you what you can expect and 
guarantee that you'll get it. 


We think this is the way everybody 
should do business. Someday maybe 
everyone will. Meanwhile, isn't it nice to 
know that somebody thinks enough of their 
product to put it in writing? 

We also say this: You can pay a lot more 
for your connectors. You cant buy a 
better connector. 

Cambridge. The SuperConnector. 


Cambridge 
Products 


101 Foley St., Sommerville, Mass. 02145, (617) 666-3343 
Atlanta, Ga. ¢ Simi Vailey Calif. « Toronto, Canada 
In Europe: H-G D'Italia ¢ Cisterna DiLatina, italy 


A subsidiary of Cambridge Screw Company, a Hi-G Company. 
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Check out our new Cable Guide. Contains facts, 
comparison, and installation procedures. 


F answers to your drop cable problems. 


The shield people do it again. With the right 


rite ge ee tal eae ee 


Money. 


You can spend 
aton of it 


on drop cable 
problems. 


So learn why it’s frugal to do business with 
Belden. 

We solve the toughest problems with the 
most comprehensive product line. And 
with an engineering staff considered the 
best there is in drop cable design. (They 
developed SEED! fast becoming the in- 
dustry’s standard device for evaluating 
drop cable shielding). 


Problems/Solutions 


Defective hookups require expensive 
troubleshooting. We solved this with our 
revolutionary DUOBOND™ that eliminates 
connection problems. 

For long spans, often a touchy problem, 
we supply cables with galvanized steel 
messengers. And for underground runs we 
have our standard cables fitted with high- 
molecular-weight polyethylene conduit. 

With two-way communication becom- 
ing more important in the CATV field, we're 
prepared with dual cables that meet the 
most exacting test requirements. 

Whatever you may need in cable, we 
can supply it or custom build it to fit your 
needs. Our point is, talk to us before you . 
spend a penny. You could save a'ton. Call 
317-966-6661, Or mail coupon below. 


Electronic Division, Belden Corporation, 
P.O.B0x4327 ae 
Richmond) indiana 47374 


Electronic Division 
Bekden Corporation 
RO, BOK 1327, 
Richmond, indiana 47374 

Attention: Ron Stier 

I'm interested. Send me your ‘74 CATV-MATV Coax 
Cable Guide. 


T need help right now. Hove a Beiden Coax Specialist 
caime: 
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OUR COVER 
Everyone has lightning problems. Virtually this 
entire issue of CATJ is devoted to the problem 
and its cures. Hopefully you will learn a few 
new things about the solutions this month! 


—-TORIAL 


CATA ASSOCIATE MEMBERS 


Early in January the Community Antenna 
Television Association (CATA) announced an 
“Associate Member Program”’ for the indus- 
try’s suppliers. The program is an important 
one, and deserves some explanation because 
we all (operators and suppliers alike) have a 
very vital stake in the coming events of the 
new year. 

When CATA was initially formed, there was 
some discussion of bringing the manufactur- 
ing and supply portions of our industry into 
the activities of CATA. We were told by sev- 
eral influential people in the industry ‘“NCTA 
has an associate group. You should too.’’ But 
at that time, the CATA Board of Directors 
thought otherwise. The NCTA had a lot of 
things of which CATA wanted no part, and the 
many hundreds of dollars which they charge 
for an ‘‘Associate Member Plaque’”’ is one of 
those things. 

The CATA Associate Program is tailored 
exclusively for suppliers to the industry, and 
was announced in a brochure mailed to all 
known suppliers in early January. It will 
work in this manner: 

(1) Industry suppliers have goals similar 

to those you have, as a supplier of tele- 
vision signals from your community- 
master antenna. They strive to supply 
one or more pieces of equipment, or 
one or more services, which result in a 
profit to them. 
Any associate program by CATA, 
NCTA, or anyone else (including state 
or regional associations) has to recog- 
nize that without profits, the supplier is 
dead, just as you would be if your com- 
munity antenna turned unprofitable for 
you. 

An associate program at any level that 
charges suppliers for the privilege of belong- 
ing to an organization must make some tangi- 
ble returns possible for the supplier. A tangi- 
ble return means a profitable return. 

A wall plaque is not a tangible return, nor is 
making ‘‘Associate Membership” a _pre- 
requisite to renting display space at an asso- 
ciation gathering really fair, unless the 
“Associate Membership” is in truth nothing 
more than a thinly disguised ‘‘entry fee’’ to 
the gathering’s display floor. If that is what it 
is, then why should one company pay $350 for 
an entry fee, and another company pay two or 
three times as much simply because the sec- 
ond company has more employees, or sells 
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(2) 


KYLE D. MOORE, President of CATA, INC. 


more dollars of equipment per year to the 
industry? Yet, that is what the NCTA does to 
suppliers. They require ‘“‘Associate Member- 
ship” before a firm can display at the NCTA 
annual show (or at previous EXPO shows). 
The annual ‘‘associate member fee”’ is based 
upon company size; the bigger you are, the 
more you pay to ‘“‘belong’’. In addition to this, 
everyone who ‘‘belongs’”’ pays very large fees 
for the rental of ‘‘floor display space’’ at the 
NCTA shows. 

The CATA Associate Member Program dif- 
fers in these respects: 

(1) The annual fee is the same for all com- 

panies, regardless of size. 

(2) It is a reaggnable fee—$150 per year. 

(3) Membership is for 365 days, beginning 
on the date the membership applica- 
tion is received, not for a calendar 
year. 
There are direct returns to the suppli- 
er: 
(A) He receives an advertising rate 
reduction for all advertising space he 
utilizes in CATJ. 
(B) He is listed monthly in a new 
“CATA ASSOCIATE MEMBER ROS- 
TER” which will appear in CATJ in 
March, and thereafter. Need we sug- 
gest that when you are considering 
dealing with suppliers, that you check 
the Membership Roster for a list of 
firms that support CATA? 
(C) He receives the use of a new sec- 
tion to begin in CATJ in March entitled 
“ASSOCIATE’S SHOWCASE”’, where 
we will report on new pieces of equip- 
ment and services offered by CATA As- 
sociate Members. 
(D) He receives many more direct 
benefits, the yearly total of which far 
outweigh the modest annual associate 
membership fee. 

In short, the supplier gets a return on his 
money. This means he makes a profit on his 
associate membership investment. 


(4) 


If this industry is to regain its strength, it 
must have strong suppliers. The CATA Asso- 
ciate Member Program is our way of helping 
our suppliers regain some strength, and re- 
main that way. If we are to stay in business as 
operators, we need to keep them in business 
as suppliers. Yes, their profits come from us 
as operators, but our profits as operators 
come from their equipment and services. 
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YOU NEED BOTH... 


HIGH RFI INTEGRITY IN THE TAP 
AND IN YOUR CONNECTOR. 


MX-3700 TAPS 


are 99-62/100% 


Great! 


e Since day-one, 
MX-3700 aerial 
/pedestal taps | 
have proven ° 
99-62/100% 
reliable in 
service. 

¢ Totally rfi/emi 
proof as independently tested; 
cast-in r-f walls offer seven 
90° turns to rfi, plus metal- 
to-metal contact. 

e Removeand replace tap mod- 
ule over 50,000 times with no 
disconnection or snap-term- 
inal distress. 

e Values every 3dB in two and 
four-way conserves your sig- 
nal, guards your tap spec’ and 
window. 

e Truly weatherproof via’ great 
fit of non-porous alloy parts, 
weather-seals in channels, 
Seal-Port™ connector bosses 
for shrink sealing. 


Put a little Greatness 
In Your System now! 


OUR MX-UFT 
Feedthru never 
loses its grip! 


eUncompro- +“ 


mised long- 
term rfi 
integrity ; 
complements 
MX-3700 Taps; 
install ‘em and 
forget ‘em. 

eThe Universal Feed-Thru; 
only two sizes serve all major 
cable types. UFT-4 for .412, 
UFT-5 for .500. 

e Great coldflow resistance via 
built-in mandrel, captive fer- 
rule; no parts to drop. 

e Easy insertion of chamfered 
steel mandrel without dam- 
age; coring tool use elimi- 
nates guesswork. 

e Double crosscut ferrule pos- 
itively prevents cable pullout 
and rotation. 

e Huge weather seal in anti- 
tearing cup; one full-stop 
torque nut. 


Make the MX-UFT 
Connection Today! 


Call Toll-Free: From the East (800) 448-9121/From the West (800) 448- 


5171 


Call Collect: In New York (315) 682-9105/In Texas (214) 620-0298/In 
California (213) 320-9705/In Ontario (416) 661-9797/In Quebec (514) 


334-2919 


Magnavox 
catv division 


100 Fairgrounds Drive, Mantius, New York 13104 
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CAPTIONS 


Thanks a lot FCC! There is a growing amount of concern on the part of system operators over the “‘instructions”’ 
community leaders are receiving from the FCC about ‘‘how to handle CATV franchisees and applicants’’. Many system 
operators have gone (and are going) to their cities to ask for modifications in their franchises, so the franchise 
instrument ‘‘complies’’ with FCC requirements in advance of 1977. Many cities, understandably, are confused and a 
little leary of a whole new set of unfamiliar Washington mandated regulations, when they are delivered to the City by the 
CATV operator. So, they do the natural thing—they instruct the City Attorney to ‘‘look into the matter’. The rub comes 
when the City Attorney contacts the FCC (Cable Bureau) and ends up getting reams of data, ‘‘instructions’’, and lists of 
things his city can and can’t do. He also gets a bushel basket of ‘‘free advice’ from reform-minded Cable Bureau 
attorneys trying to make their mark on the world. The cities end up very confused, and many operators report relations 
with City Hall have fallen to an all time !ow because FCC attorneys and ‘‘instructions’’ plant the ‘‘suggestion’' that the 
CATV operator needs to be closely regulated and watched. One operator became so disgusted after operating in his town 
twenty years, he withdrew his application for franchise amendment and told his city, ‘To hell with everyone but my 
customers. They deserve good service and they will get it, but as far as the FCC is concerned, they can go climb a 
pole!"" 


What about re-regulations? Can we expect any meaningful changes, relaxation, or improvements in the FCC's 
hell-bent-on-destruction-of-CATV regulatory climate? Most observers feel that Chairman Wiiey’s brash statements 
about re-regulation, and wanting to ‘‘free up'’ needless regulations and paperwork for smal! systems will turn out to be 
just political bunk. Dozens of operators have commented recently, ‘‘If we are going to turn this stinken mess around, it 
will have to be through Congress.’’ There is an all time low confidence level by CATV in the FCC's ability to do anything 
for anyone but broadcasters, and as long as the higher (Federal! District) courts continually acquiesce to the ‘expertise 
onthe FCC’, when you drag the FCC into court to question their authority in an area such as CATV, the courts (below 
the high court) don't hold much hope. 


Canadian court holds U.S. TV signals public property. Justice Arthur Thurlow of the Federal Court of Appeals 
(Ottawa) has ruled that U.S. TV signals (or radio signals) ‘‘intruding on the Canadian airwaves’’ have no rights in 
Canada. In a case brought against Rogers Cable TV Ltd. of Toronto, U.S. stations WGR, WBEN, and WKBW (Buffalo) 
sought to end the Rogers practice of ‘‘deleting commercials on the station signals before distribution in Toronto, and 
substituting local messages in their place’. The Canadian version of the FCC, the CRTC, had ruled in 1972 that 
Canadian CATV systems could and should delete U.S. commercial messages ‘‘where they were equipped to do so’’” 
and either substitute local public service messages, or arrange with Canadian TV broadcasters for the latter to sell 
replacement commercial time. Canadian broadcasters have been concerned that as CATV expands in Canada (some- 
thing like 30% of all Canadian homes now have CATV) that large advertisers, such as Coca-Cola, would cut back 
Canadian station advertising on the theory that U.S. stations already carrying the advertising would reach the audiences 
anyhow. The Canadian court ruling has drawn mixed reviews, from broadcasters in Canada who welcome the decision, 
to Canadian CATV operators who fear that commercia! deletion may now become mandatory for them with the attendant 
rise in their costs. 


One man can turn the tide! If you ever get the feeling that endless writing of letters to Congressmen, FCC officials, the 
President, and so on is a useless function, think again. One letter, written by CATV pioneer Jim Y. Davidson of Little 
Rock to the FTC (Federal Trade Commission) chairman, found its mark. Based upon Davidson's letter and his booklet, 
“The Injustice Of A Distorted Image’’, the FTC has decided that CATV is getting a bad deal at the FCC! The Chairman of 
the FTC has directed his people to investigate the FCC’s handling of CATV, and make recommendations on how the FTC 
can help our struggling industry. Well done, Jim! 


Check out those rumors! Ever since Dolphin folded in December, virtually every day brings a new rumor about CATV 
manufacturers *‘going under’’. Virtually all have had big shake-ups; many key personnel have been moved or replaced. 
Even the big boys have pulled way back, shut down production lines, and a couple have replaced their entire sales 
staffs from top to bottom. Let's face it, times are bad for equipment suppliers. But most are in the business to stay, and 
just because you hear that personnel have left, or a production facility has been shut down, don’t immediately assume 
the company is folding. Any smart businessman makes adjustments in his operation when things get rough. He looks 
for a new key to turn sales around, or for a better sales team. Let’s not turn the industry into a rumor mill. Before you 
pass a story on, check it out! 
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Late word on 35 Mile Rule. When Chairman Wiley’s Commission did not vote on the relaxation of the Grade B contour 
non-duplication protection requirements January 10th, as they had agreed to do back in December, many CATV 
observers felt that the Chairman had knuckled under to the broadcasters one more time. !t now appears that this is 
exactly what happened, that in fact the Rocky Mountain Broadcasters Association was successful in a last minute effort 
to talk the Chairman into holding a new round of ‘‘Oral Arguments’ on the matter. Word from the Commission is that the 
original December informa! Commission agreement (knock back non-dup requirements to 35 miles, allow simultaneous 
showing of priority stations on blacked out channels, and raise the exemption from non-dup system size from 500 to 
750 subscribers) is not dead, but that it will not be approved in that form. it is believed that a new round of ‘‘number 
games’ is likely, and at press time the best quess is that we may see the following happen: (1) The Rocky Mountain 
a 
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ea will still be singled out for special treatment: (2) in the top 50 markets, the non-dup requirement will be cut back to 
5 miles: (3) in the next 50 markets, the non-dup requirement wil! be cut back to 45 miles; (4) beyond the top 100 
markets. it is anyone's guess, although a ‘'70 mile protection contour’ is being bantered about; (5) the system-size 
exemption now being talked about would be 1,000 subs, rather than the present 500 subs; (6) and systems would be 
allowed to run the priority channel, on the blacked out channel, during non-dup protection periods. Keep in mind 
nothing is final until the gun sounds... and at the minute, the gun is not even loaded! 


« * U/V * $100 * CONVERTER * * 


UHF to VHF indoor solid state, crystal controlled converter. 
Gain, 10 db typical UHF to VHF. Noise figure, 12 db typical. 
Self contained with built-in 117 VAC power supply. Three 
week delivery! 


RICHEY DEVELOPMENT COMPANY (405) 787-5086 
7250 W. RENO, RT. 5, OKLAHOMA CITY, OKLAHOMA 


' New, compact time-weather unit from the 
Originators of the time-weather format. 
Compact (14 inches high x 28 inches wide x 
23 inches deep) and low cost ($1,695.00*)} - 
this is the perfect small-system package. 


Time, temperature, barometric pressure, 
wind velocity, wind direction and four (4!) 
card display spots with a Sony AVC-1400 
(2:1 interlace) camera, Unit features unidi- 
rectional clockwise-scanning sequence and is 
designed for !ong term, 24 hour’ per day 
usage and a minimum of maintenance. 
* - Deluxe model with Texas Electronics in- 
struments available at:additional cost. 


WEATHER SCAN 
Loop 132 - Throckmorton Hwy. Olney, Texas 76374 817-564-5688 
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Professional CATV towers, logs, and 24 foot 
parabolic dishes for CATV at reasonable 
prices. 


U.S. TOWER & FABRICATION 
COMPANY 
P.O. Drawer ‘‘S”’ 
Afton, Oklahoma 74331 


(918) 257-4351 


DIRECTIONAL TAP 
Model 3500B 


HAS YOUR TAP SUPPLIER 
DISAPPEARED? 


CALL US NOW! 


(or your favorite 
distributor) 


SALE PRICE 
$5.50 each 
or 
$6.80 each with 
-412 or .500 fittings 


ORDER NOW! 
offer ends 6-1-75 


Call JACK CAULDWELL or 
GEORGE MIERISCH 


ARVIN SYSTEMS, INC. 
an Arvin Industries subsidiary 
1771 SPRINGFIELD ST. 
DAYTON, OHIO 45403 
PH. (513) 258-2181 
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When you buy our connectors, you get the best designed 
connectors in the business. They’re rugged and easy to 
install, made of corrosion-resistant iridited aluminum. You 
also get us. Leaders in the CATV connector field. 
Innovators in design and construction. For the price of a 
connector, you get a whole company. 


ELECTRONICS,INC. 


901 SOUTH AVE., 
HORSEHEADS, N.Y. 14845 
PHONE 607-739-3844 


rwWwifrt 
mmm SYSTEMS. INC. 


CONVENIENCE ACCURACY PORTABILITY 
Push Button * 1dB max. Compact & 
Selection error Rugged 

5-300 MHz 


AND MANY MORE FEATURES 


Write or Call Jack Cauldwell or George Mierisch 
for more information .. .See CATJ Review, this 
issue. 


SIGNAL LEVEL METER 
MODEL 500B 


for CATV Professionals 


ARVIN Systems Inc., an Arvin Industries subsidiary 
1771 Springfield St., Dayton, Ohio 45403 Ph. (513) 258-2181 
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Lightning vs. You 


IT’S NOT NICE 
TO FOOL WITH 
MOTHER NATURE!!! 


DANGER — 200,000 amps! 


If you or your CATV receiving tow- 
er lived long enough, you might exper- 
ience a lightning strike that would pro- 
duce an instantaneous surge current of 
200,000 amps. If you lived long enough 
to encounter the mathematical proba- 
bility of such an unusual lightning 
strike (0.5% of all strikes to a single 
point), you probably couldn’t find the 
pieces of your tower and antennas af- 
ter it happened. And if you or a fellow 
worker were at the head end when this 
awesome energy struck...well, your 
pieces also would be difficult to locate. 

The mysteries of lightning-induced 
voltages (and the currents these volt- 
ages produce) are not well understood 
by scientists; and within the CATV in- 
dustry, we are patent ignoramuses. As 
the old adage goes, it is what you don’t 
know that will kill you, or cripple you, 
or put you out of business in a hurry! 

It is not our purpose here to scare 
you. Any half-smart person already 
knows the inevitable fear that crawls 
up the back when a man is caught at or 
near a CATV tower in a local thunder- 
storm. Those unfortunate enough to be 
“ordered onto the poles” in a storm 
should check their life insurance and 
the line at the unemployment office, in 
that order, before undertaking such a 
venture. 

If industry mail to CATJ is any indi- 
cation of industry concerns, and we be- 
lieve it is, lightning protection for 
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CATV equipment rates within the top 
five concerns in our industry. So, we 
set out last Fall to start gathering data 
on lightning as it relates to communica- 
tion system tower structures, and ca- 
ble communications systems. We went 
to all of the places you might expect us 
to go, starting with the people at Bell 
Labs, the National Fire Protection As- 
sociation, and manufacturers of lightn- 
ning protection equipment. The data 
we found available in the form of pub- 
lished papers, handbooks, and the like, 
barely numbered twenty, and one of 
these dated back to 1913! Purely, light- 
ning is not something people say very 
much about, if they know anything to 
say. 

Protection from lightning damage 
takes on a bit of black-science, because 
most people who practice the “art” 
(and you can number such people on a 
single hand), deal in “before and after” 
numerical summaries of their work. 

For example, “Before system 7894 
was installed at a Bell Labs TD-2 site 
in Texas, the site experienced an aver- 
age of seven lightning related outages 
per year.” However, “After installing 
system 7894, the TD-2 site experi- 
enced an average of two lightning out- 
ages per year.” Clearly system 7894, 
whatever it was, improved the odds 
considerably for that particular TD-2 
site. 

So, just when you think you have 
found something worthwhile, you 
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learn that system 7894 turns out to be 
a lost equation whose documentation 
has disappeared in the intervening fif- 
teen years. Very disappointing! 
Then, there is the problem of simula- 


ting lightning strikes within the labor- - 


atory. Virtually everyone (those fewer 
than five who practice the art) agrees 
that something called a 10 X 600 micro- 
second impulse test wave is the proper 
way to test protection devices or cir- 
cuits for lightning-induced transients 
entering a “communication system” 
via the power lines. Nobody agrees on 
anything when it comes to simulating 
direct strokes to a tower. 

Still for all that is not known, much- 
much more about lightning is known, 
than we as an industry know. And that 
is the purpose of this special emphasis 
in CATJ: To transcribe into the lan- 
guage and art of CATV what others 
know about lightning, its damaging ef- 
fects, and the preventive steps we can 
take to avoid it. 


The Nature of The Beast 


To combat the enemy, it is wise to 
know something about him. You chase 
and flail at fewer paper tigers that 
way. The best data around on the true 
nature of lightning is referenced in 
footnotes to this report. Particular 
short-form credit, however, goes to a 
gentleman named David W. Bodle, a 
private consultant to Joslyn Electronic 
Systems. Mr. Bodle’s book, “Electrical 
Protection Guide for Land-Based Ra- 
dio Facilities”, is the closest thing to a 
single-source handbook on the subject 
we uncovered in our six month trek 
into the mysteries of lightning (1). It is 
with the permission of Joslyn Elec- 
tronic Systems, that we have lifted 
passages and illustrations from Mr. 
Bodle’s handbook for use in this report. 

Lightning is an electrical discharge 
which oecurs between clouds, and/or 
from a cloud (or clouds) to earth. The 
latter type of discharge is the one 
which concerns us the most. 
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Generally the impedance (2) of an 
object, such as a CATV tower. which 
inadvertently becomes a part of the 
electrical discharge path of the light- 
ning, is appreciably lower than the to- 
tal path impedance. Thus, it is possible 
to presume for discussion that a light- 
ning stroke originates at a constant 
current source (i.e. the clouds). The 
magnitude or intensity of the current 
will vary, however, from one stroke to 
another stroke, due largely to meteo- 
rological considerations. 

There are generally three things 
most people want to know about the 
internal workings of a single stroke: 
(1) How often will a single point (i.e. 
one tower) be struck, (2) how large are 
the voltages/currents produced, and 
(3) what is the waveform of a typical 
stroke? Answers to these three ques- 
tions are considered essential and ba- 
sic to the design of any system that is 
likely to assist in protecting CATV 
equipment from the harmful effects of 
lightning. 


1) David W. Bodle, Senior Mem- 
ber, IEEE, consultant to Joslyn Elec- 
tronic Systems, P.O. Box 817, Goleta, 
California 93017. 

(2) When a path of current flow 
(i.e. ctreutt) contains both reactance 
and resistance elements, the combined 
effort 1s known as impedance. Reac- 
tance and resistance can combine in a 
series, or parallel path. The reactance 
can be capacitive, (i.e. ike a capacitor) 
or resistive (i.e. like a resistor). The 
phase relation between current and 
voltage in a circuit may be from 0 de- 
grees (when resistive) to 90 degrees 
(when highly reactive). The exact 
phase relationship, therefore, depends 
upon the relative amounts of resis- 
tance and reactance in the circuit. The 
tower grounding system represents 
phase imbalances to the lghtning 
stroke current, and it is the fine tuning 
of these phase imbalances which is of 
interest to us here. 
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How Often? 


We are dealing with the odds of 
probability; not unlike the chance one 
takes at a table in Vegas. It has been 
said about lightning, “There is nothing 
perfect about lightning, or the charge- 
center it comes from. It 1s more strong- 
ly under the influence of chance than 
anything of equal frequency of occur- 
ence with which the engineer must 
contend. Consequently, we can only 
deal with a statistical function.” 

First of all, where is the tower? Ref- 
erence is made to Diagram 1, a map of 
the United States and Canada which 
depicts the “Mean Annual Number of 
Days With Thunderstorms” from data 
supplied by the United States Weather 
Bureau. The definition of a “day with 
thunderstorms” is a little loose. Gener- 
ally it means a day when an observer 
will “hear thunderstorm activity” from 
a single spot on the map, and the as- 
sumption is made that where you hear 
thunder, there is accompanying light- 
ning. Still, the exact number of days is 
not important-only the relative num- 
ber of days since the map was pre- 
pared from a twenty year period; and 
averages tend to be of less concern 
than the current year anyhow. 

Okay, so central Florida is a bad 
spot, and the Pacific Coast is a pretty 
good spot (the difference is striking, a 
10:1 ratio!). How does that translate 
into the “statistical probability” of 
lightning strikes on your tower? 
Through suitably well engineered field 
studies, something called the “stroke 
factor” has evolved, which is the ap- 
proximate number of strokes to 
ground per square mile per thunder- 
storm day. Now, we are getting a little 
closer to home. 

The “stroke factor” depends upon 
the type of storms you encounter. If 
your storm is basically a convection 
storm (i.e. the type of storm that arises 
late in the day due to the earth’s heat- 
ing in the Spring/Summer sun, and hot 
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How Often / How Potent? 


Crest magnitudes of lightning strikes 
vary widely, chiefly as a function of 
meteorological conditions creating the 
lightning. Diagram 2A shows the per- 
centage of time that various crest mag- 
nitudes are exceeded by lightning 
strikes. For example, 10% of all strikes 
have a crest current of 60 kiloamperes, 
and 1% of all strikes have a crest cur- 
rent of 120 (or more) kiloamperes. The 
most potent crest current ever mea- 
sured exceeded 200 kiloamperes. 


PERCENTAGE OF LIGHTNING STROKES I 
MAGNITUDE DISTRIBUTOR OF CURRIN 


DIAGRAM 2-A 


air rising), then your chances are bet- 
ter. Better than what? Better than if 
your storm is a storm produced along a 
frontal line (i.e. a boundary line be- 
tween warm/moist and cool/dry air 
masses). The difference in “stroke fac- 
tor” is this: 


(A) Frontal type storms—a stroke 
factor of 0.37 
(B) Convection type storms—a 


stroke factor of 0.28 

Now let’s put that into real numbers, 
using Diagram 1. If your area has fifty 
Annual Days With Thunderstorms (as 
much of the Mid-west and Mid-south 
does), you have a stroke factor of 50 x 
0.28 or 14 strikes per square mile for 
convection type storms; or, 50 x 0.37 or 
18.5 strikes per square mile (per year) 
for frontal type storms. Since the fifty 
days per year is an annual average of 
both convection and frontal type 
storms, you would end up with some- 
place between 14 and 18.5 strikes per 
year per square mile. Now, let’s fur- 
ther refine that to the area of zone of 
influence for your tower. 


CATJ for 
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ANNUAL AVERAGE NUMBER OF DAYS WITH THUNDERSTORMS IN CANADA 


(BASED ON PERIOD 1941-1960} 


MEAN ANNUAL NUMBER OF DAYS WITH THUNDERSTORMS IN THE UNITED STATES 


DIAGRAM 1 


The Tower As A Lightning Rod 


The structure, such as a tower, does 
not effect the mechanism of the thun- 
derstorm. But, they do provide favora- 
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ble discharge points for strokes that 
would otherwise strike the earth in the 
vicinity of the tower, if the tower was 
not present. In other words, the tower 
does not draw strikes to it, if the 
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200° 


NOTE: NOT TO SCALE 


3He | 


DIAGRAM 1-A 


strikes are not going to discharge from 
storm to earth in the general vicinity 
anyhow. 

The strokes are, however, diverted 
in their normal paths to ground by the 
presence of the tower structure. In ef- 
fect, the steel tower represents an at- 
tractive strike point for the discharge. 
The height of the tower creates a 
“strike-influence zone”, and for towers 
100 to 500 feet in height, the “strike- 
influence zone” is roughly three to four 
times the height of the tower, repre- 
sented by a radius drawn around the 
tower base. This is for a tower 
mounted on relatively flat terrain. 

If the tower is mounted on a hill, the 
actual “strike-influence zone” is _ the 
height of the tower plus the height of 
the hill above average (surrounding) 
terrain. The effect of the tower height 
becomes particularly critical when the 
tower is installed on a prominent, or 
“Jone” elevated hill. 

Now, let’s put that into real num- 
bers. The number of strikes you can 
expect per average thunderstorm year 
depends upon (1) the number of thun- 
derstorms your area experiences in a 
year, (2) the nature of the storms (i.e. 
convection or frontal associated 
storms), and (3) the effective height of 
your tower above ground and/or aver- 
age nearby terrain (say a half mile in 
all directions). Since we know the num- 
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ber of thunderstorms on the average 
for all areas of the U.S. and Canada, 
and we know the “stroke factor” (i.e. 
convection storms are 0.28 strikes per 
square mile per thunderstorm day, and 
frontal storms average 0.37 strikes per 
square mile per thunderstorm day), we 
need only apply the “strike-influence 


\ AREA FROM WHICH STROKES 7 
\ ARE LIKELY TO BF DIVERTED TO Wi 
Sy THE ANTENNA MAST 7 


Pas, aaa: 


STROKES TO ASTRUCTURE ON LEVEL 
TERRAIN - AREA OF INFLUENCE OF MAST 


The following example illustrates a method for estimating the 
annual incidence of strokes to a 200-foot radio mast situated on a 
hill which has an elevation of 200 feet. Representative values as: 
sumed for the problem are: 


Effective height (hg) of mast = 400 feet or 0.0758 mi 
Annual incidence of 
thunderstorm days - 50 
Stroke factor = 0.37/sq mi/thunderstorm 
Now: day. 
Area of influence of mast = (Bhg}2 
= 3.14 (0.227)2 
= 0.162 sq mi 


The probable number of 
strokes per year to the mast. = 0.37 (50) {0.162) 


= 3.0. 


DIAGRAM 2 
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THE TOWER AS A LIGHTNING ROD — Location vs. Height Above Ground 


Number of Days of Local 
Thunderstorms/ 


Number of Lightning Strikes Per Year 


Storm Types 100’ He 200’ He 300’ He 400’ He 500’ He 600’ He 700’ He 
10 Days/Convection .02 11 25 45 71 1.02 1.39 
10Days/Frontal = (ti (SCM (Oia GB 
20 Days/Convection .05 .23 51 .91 1.42 2.04 2.78 
20 Days/Frontal nr 07 30 67 1.20 1.87 2.70 3.68 
30 Days/Convection .08 .34 76 1.36 213 3.06 4.17 
30Days/Frontal = i GSC«‘iCODSCtidSBOCi‘ikBOOHC SD 
40 Days/Convection 11 .46 1.02 1.81 2.83 4.09 5.57 
40 Days/Frontal pe 15 _ 61 1.35 2.40 3.74 5.40 7.36 
50 Days/Convection 14 .57 1.27 2.27 3.54 5.11 6.96 
50 Days/Frontal ae ads 19 76 1.68 3.00 4.68 6.75 9.19 
60 Days/Convection 17 .69 1.53 2.72 4.25 6.13 8.35 
60 Days/Frontal 7° 22 91 2.02 3.60 5.62 8.32 11.03 
70 Days/Convection .20 .80 1.78 3.18 4.96 7.15 9.74 
70 Days/Frontal ooo. 3 26 1.10 2.36 4.20 6.55 9.45 12.87 
80 Days/Convection 23 91 2.04 3.63 5.67 8.18 11.13 
80 Days/Frontal oe ae 30 1.21 2.69 4.80 7.49 10.80 14.71, 
90 Days/Convection .26 1.03 2.29 4.08 6.38 9.20 12.52 
90 Days/Frontal Fe 34 1.37 3.03 5.39 8.42 , 12.15 16.55 
100 Days/Convection -28 1.15 2.55 4.54 7.08 10.22 13.92 
100 Days/Frontal = (tsi 8.37 OD O98.G—s13.51— 18.39 


Locate number of days for your area from Diagram 1. Apply to left hand column here, reading 
right until you find the height of your tower above average terrain (including hill, if so located). 
The tabular number is the number of lightning strikes your tower will experience in an average year. 


TABLE 7 


zone” for your tower to determine how 
many strikes you can anticipate per 
year. Diagram 2 illustrates the mathe- 
matics behind the computation, and 
Table 1 provides a handy stepped ref- 
erence chart for determining what 
your “annual lightning liability” should 
be. 
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A good portion of the United States 
receives fifty days of thunderstorms 
per year, and a good portion of the 
CATV systems in the Mid-west and 
Mid-south have at least 300 foot sticks. 
Table 1 shows that even on flat 
ground, the tower will be directly 
struck an average of three times per 
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Lightning Waveshape 


The waveshape of lightning stroke 
eurrent at, or very near, the stroke 
point is essentially unidirectional. It 
has a very rapid rise time, and a tail 
which decays exponentially at a con- 
siderably slower rate. The customary 
way to define such a strike is 1.2 x 50 
microseconds. See Diagram 3A. The 
1.2 represents the rise time in micro- 
seconds, from zero value to crest cur- 
rent value. The 50 represents the time 
interval from zero (start of rise) until 
the decayed level reaches fifty percent 
of its crest current value. 

For purposes of standardization, the 
1.2 x 50 impulse voltage wave is custo- 
marily used for testing of insulation 
and the sparkover of gaps, insulators, 
and arresters. Another test, 8 x 20, is 
utilized extensively for testing of light- 
ning arresters used on power lines. 


year for frontal type storms in this re- 
gion. 

Obviously, the taller the stick, the 
more apt it is to be a “lightning rod” 
for your square mile. There is some 
evidence in lightning discharge studies 
that when several tall towers are 
grouped together (ze. antenna farm), 
that the lightning frequency becomes 
something approaching the sum of all 
of the towers stacked one atop anoth- 
er, for the area surrounding the tow- 
ers. Thus, a tiny 300 foot stick, 
dwarfed by nearby 600 foot or 1,000 
footers, is not necessarily shielded by 
the presence of the taller towers. It 
may in fact receive a larger number of 
strikes than if it were sitting all by 
itself. 


Protecting the Tower 


Metal antennas are inherently self- 
protected for lightning, provided they 
are well bonded to the tower, and the 
tower is well grounded. Lightning al- 
most always discharges to the tip-top 
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WAVE SHAPE DESIGNATION OF AN IMPULSE (1, x ty} 
DIAGRAM 3-A 


of the tower, and for this reason any 
antenna that mounts above the top of 
the tower itself becomes “the lightning 
rod” for the entire tower. 

Proper design of towers calls for a 
“cone of protection” located above the 
top of the tower-mounted antennas. If 
the top of the tower (i.e. the very top) 
has a beacon light, it becomes the light- 
ning rod for the tower array. This is 
not necessarily good practice, as we 
shall see. 

Metallic towers, guyed or self sup- 
porting, provide an excellent conduc- 
ting path for stroke currents, provided 
the base of the tower, the footings, and 
the guy anchors are properly designed 
with suitable grounding electrodes. 
Wooden antenna support structures 
present unique problems, and will be 
covered separately. 

There are two common antenna 
types in CATV: the log, and the yagi. 
The log is designed so that at frequen- 
cy components present in lightning 
strikes (ie. the frequency of the de- 
vastating current in a strike), the 
booms and elements all look like a 
short circuit to ground for the strike 
voltage. This is because with the whole 
antenna array (booms and elements) at 
tower DC ground, or within a few tens 
of ohms worst case to DC ground at 
lightning frequencies, the lightning 
strike voltage discharge path is from 


CATJ for 


the antenna (if directly struck) to the 
tower, and then to physical ground 
(and hopefully earth-ground) through 
the tower structure. 

The yagi antennas commonly uti- 
lized in CATV have the same advan- 
tage. The dipole element, if it is a 300 
ohm balanced type with a built-in 300 
to 75 ohm balun of some type, looks 
like a short circuit to the carrier wave 
frequency of the lightning discharge. 
This is because the balanced 300 ohm 
dipole is normally operated at boom 
DC ground at one point. 

Where we run into trouble with an- 
tennas and lightning, normally, is 
where an antenna is insulated (i.e. its 
boom and elements) from the tower 
DC ground system, through an anten- 
na mounting arrangement that “floats” 
the antenna away from the tower DC 
ground. In this case, if the lightning 
should strike directly on the antenna 
array as it “floats” off of the tower 
(from a DC connection standpoint), the 
lightning discharge then chooses the 
only to DC ground path open to it, 
which is down the transmission line. 

However, even with the antenna 
“floating” off of the tower DC ground, 
normally there is a DC continuity path 
to the tower structure through the 
aluminum jacketed down lines as they 
are strapped or bonded to the tower in 
the run down the tower to the head 
end building (although this is very 
tough on downlines!). If you have a 
“floating” antenna mounted at the 
very top of your tower (i.e. where it 
plays lightning rod), and you feed the 
signal down the tower in jacketed alu- 
minum down line (or jacketed RG-59, 
RG-11, etc), which insulates the down- 
line from DC ground of the tower, then 
you have an excellent possibility that a 
discharge will follow the path from 
floating antenna to insulated down line 
to your head end equipment building. 
Even in this situation, there is one 
more chance to save yourself at the 
building entry point, as we shall see 
shortly. 
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The key to keeping antennas whole 
on the tower is to operate their booms 
as close to DC ground as possible (i.e. a 
very low impedance path to ground). 
One way to do this is to pointedly pro- 
vide as many common-bonded DC 
paths to ground as possible. Each leg 
of the tower (three or four legs) repre- 
sents an opportunity to “bond” the ar- 
ray to ground; so too does each down 
line on its run down the tower, if it is 
bare aluminum. 

Lightning likes to follow the lowest 
impedance path to ground. Paralleled 
resistances (i.e. the resistance of all 
individual tower legs and down guys to 
DC ground from the top of the tower) 
create a lower overall impedance to 
the lightning strike to ground. There- 
fore, towers which are well engineered 
for lightning protection provide as 
many (i.e. multiple) direct, low imped- 
ance paths to DC earth ground as pos- 
sible, thereby distributing the dis- 
charge currents through as many 
paths as possible. 


The Top Of The Tower 


The top of the tower is the point 
most likely to take the stroke. Any- 
thing above the top of the real tower 
becomes the “top” as far as the stroke 
is concerned, and it becomes the 
“strikee”. 

(1) Do not place lights (beacons, 
ete.) or antennas (including 
search) above the top of the 
tower. 

If you do mount something oth- 
er than the tower itself at the 
highest point, further protect 
the item on top with still anoth- 
er item—a lightning rod or a 
“Top Hat” as shown in Diagram 
3. 

Note: An antenna at the top of 
the tower, protruding above 
the light fixture, provides a 
“Top Hat” or “cone of protec- 
tion” for the light fixture, pro- 
vided the antenna does not 


(2) 
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Early television broadcast tower antenna with grid- 
work of lightning rods surrounding light. 
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“float”, as previously discussed. 
Light fixtures are especially 
vulnerable to strikes, as is their 
associated 110/220 volt wiring 
apparatus. 

Antennas mounted directly to 
the tower in the top 10 percent 
of the tower’s effective height 
must be securely bonded from 
antenna mount to the tower leg 
or cross arm where it is at- 
tached. Simply tightening the 
“U” bolts to the point where the 
the antenna-to-tower clamp 
does not allow the antenna to 
move is not enough. Antennas 
mounted in this critical strike 
region need to be well bonded 
ina way that insures that tower 
paint, grease, etc. does not cre- 
ate a higher impedance path 
from the antenna to the tower 
than can be measured from the 
tower to the tower. 


Conduit carrying power to the 
lights, and the light fixture, 
must be well bonded to the 
steel tower. Again, merely 
clamping the fixture or the con- 
duit to the tower is not ade- 
quate if the end result is a high- 
er path impedance between the 
fixture and the tower. Metal 
(light/power) conduit must be 
bonded directly to the tower at 


(5) 
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several points in the critical top 
10 percent region. 

Any coaxial feedlines must be 
likewise bonded to the tower, 
especially if they are in the top 
10 percent region. Merely 
wrap-locking the lines to the 
tower leg may not be adequate. 
Aluminum or steel straps from 
the feedline outer shields to the 
tower are recommended, if 
they cut through tower paint 
and grease. 


If you have an antenna rotor for 
a search antenna, be certain it 
is direct metal bonded from its 
mount to the tower. Next, the 
power and control wiring for 
the rotor, which seldom if ever 
is available in a shielded for- 
mat, should be installed inside 
conduit for at least the run from 
the rotor power inlet down the 
first 10 percent of the tower it- 
self. Do not run it inside the 
same conduit as the light (bea- 
con, etc.) power wiring. 


At the point of lightning strike, and 
for some distance down the tower 
thereafter, very large voltages and 
currents from the lightning are pres- 
ent. The secondary danger, after the 


impact 


of the strike (and there is con- 
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siderable physical power there), is arc- 
ing. Loosely bonded lines, conduit, 
mounts, and the like invite the volt- 
ages from the strike, once into the tow- 
er structure, to arc to other physically 
nearby low impedance to ground 
points. This arcing can and does burn 
cables as large as .500 to a crisp, melt- 
ing clamps, and otherwise solid typical 
tower-top objects in their path. By 
properly bonding everything mounted 
on the tower top to the low impedance 
to ground tower structure, the arcing 
possibilities are greatly curtailed. 


Down The Tower 


Once the lightning voltage and cur- 
rent is into the tower proper and head- 
ing for DC (earth) ground, the best 
thing to do is to stay out of its way! 
The lower portion of the tower pre- 
sents no particular challenges to good 
engineering practices. About all that is 
required is keeping an eye out for po- 
tential arcing points where in its flight 
to ground the voltage and current 
might want to “jump track” to some- 
thing along the way that also presents 
an earth DC ground potential. Feed- 
line bonding to the tower is important 
at the top and bottom of the tower, but 
along the way its value has never been 
proven. 


At The Tower Base 


As important as the correct proce- 
dures are for top of tower, the base of 
the tower is where the real protection 
is located. There are two areas where 
grounding techniques apply at the 
base of the tower: 

(1) Tower legs 

(2) Building entry point for all ca- 

bles 

Most CATV towers are constructed 
by digging a modest size hole, placing a 
steel cage in the hole, and filling the 
hole with concrete. Based upon evi- 
dence “unearthed” by CATJ for this 
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report, this cannot always be consid- 
ered an adequate system for protec- 
tion against lightning strikes. 

There are, admittedly, half-hearted 
attempts at providing a tower to 
ground system bond. Most are similar 
to that shown in the photograph here; 
a number 6, 8, or even 10 copper wire 
is wired to the base of the tower just 
above the concrete pier and “disap- 
pears into the ground” along side of 
the pier. It may be connected to the 
following: 

(1) Nothing—simply laying half in 
the ground and half in the con- 
crete foundation or pier; 

The steel foundation cage; 

A metal (unknown composition) 
rod or stake set in the hole adja- 
cent to the pier before the con- 
crete was poured. 
Professional lightning protection peo- 
ple would at best discount this as a 
source of adequate protection. 

The argument is made that the tow- 
er bolts to a steel cage, which sets in 
concrete, which sets in the ground. 
Therefore, there is ground continuity 
from the steel tower to the rebar cage, 
to the concrete, and to the ground. 
What is overlooked is that the DC re- 
sistance (or impedance) of the steel 
tower to DC earth ground in this situa- 
tion is usually quite high, which is an- 
other way of saying that there is not a 
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But is it really grounded? Cor @)r wire bolted to the 
tower leg disappears into who knows what! 
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true low impedance path to earth 
ground present. 


If the tower base bolts to other bolts 
that are welded on the steel cage, we 
are depending upon the pier bolts con- 
nected to the steel cage to conduct 
through the paint on the base of the 
tower. If the steel cage is welded to a 
short tower stub which is in turn set 
into the concrete pier, then the first 
(real) tower section bolts to the tower 
stub. Again, we are depending upon 
the galvanized bolts that bolt tower 
section to tower section to provide a 


low resistance (i.e. impedance) connec- 
tion to the pier ground. 

It is possible to provide very good 
immunity from lightning damage with 
steel reinforced concrete tower foot- 
ings (and guy anchors, as will be dis- 
cussed separately), provided that the 
steel cage reinforcing bars are welded 
together to ensure good electrical con- 
tinuity, and welded to the anchor bolts 
or short base stub tower section. The 
big danger with reinforced cages sunk 
in concrete is that a poor weld or a 
deliberate design to bolt a tower stub 
to the steel cage before the concrete is 
poured will leave a poor DC connec- 
tion. Even within the concrete pier, 
arcing can develop as the lightning 
charge seeks earth ground. The com- 
bination of arcing within the pier, plus 
the chemistry of concrete, can create a 
true explosion that could materially 
weaken the concrete pier, allowing the 
tower to fall. 

Consequently, it is advisable to fol- 
low the procedure outlined in Diagram 
4 for each tower leg on a free-standing 
tower, or Diagram 5 for the mounting 
plate for a guyed tower. 


How Deep? 


] 


1000 4— ~~ 
sph 


af 


a 


oy eee ee 
10 20 30 40 50 60 70 
TEMPERATURE ¢ FF 
VARIATION OF SOIL RESISTIVITY WITH TEMPERATURE 


TABLE 2 


20 


It is not unusual for a tower to be 
situated in an area where ground exca- 
vation is difficult. The tendency under 
such circumstances is for the ground- 
ing system designer to lay out a well- 
planned grounding arrangement, and 
for the personnel installing it to take 
shortcuts (i.e. driving an 8 foot rod 3 
feet in the ground and cutting it off!). 

As D.W. Bodle points out in “Electri- 
cal Protection Guide...”, the resistiv- 
ity of soil changes rather dramatically 
when the ground freezes. In northern 
latitudes, ground freeze depths of 18 
inches or more are not uncommon. Ta- 
ble 2 illustrates what happens to the 
resistance of soil when it freezes. From 
a ground temperature of 70 degrees F 
and a resistance per square meter of 
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earth of 72 ohms, to a ground tempera- 
ture of 20 degrees the resistance per 
square meter of earth of approximate- 
ly 1200 ohms is quite a change in the 
effectiveness of a grounding system! 
Naturally, the frequency of thunder- 
storms diminishes in cold winter 
weather, but when they do occur, if 
your grounding system is relegated to 
a very poor protection system as a re- 
sult of frozen ground, your chances for 
sustained damage rise sharply. 

Note in Table 2 that the ground does 
not have to freeze; that it will typically 
freeze close to the surface and be pro- 
gressively warmer as you go deeper. 
Even with a freeze to 18 inches, frost- 
type temperatures to 3 feet and more 
are not uncommon. Staying close to 
the surface with ring ground wires or 
driven rods is dangerous if you live in a 
region where ground freezes are com- 
mon. 

However, recognizing that some soil 
conditions simply do not lend them- 
selves to 8 foot driven rods, the design- 
er must still provide adequate protec- 
tion. If he is in an area where ground 
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freezes are common, the general con- 
sensus seems to be that if he con- 
structs a ring ground arrangement, to 
be described shortly, and encases the 
ring ground wire in a concrete footing, 
he has done about everything he can 
do. 

Barring this, a ring ground system 
with numerous 8 foot ground rods 
welded to the ring ground (not 
clamped!) utilizing bare copper wire 
buried to a depth of 18 to 24 inches will 
suffice. 


Ring Ground System 


The heart of all lightning protection 
systems is the ground afforded, and 
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the path to ground for the lightning 
stroke or charge. By getting the strike 
to the base of the tower through the 
tower members itself, we are half way 
to a successful installation. In other 
words, by confining the most attrac- 
tive to-ground paths for the lightning 
to the tower itself, we keep the dam- 
age of the strikes away from the more 
sensitive down lines and control wires. 

Because the tower pier is seldom an 
adequate ground system, we must 
think about supplementing that sys- 
tem with one designed especially for 
lightning protection. This can usually 
be incorporated into a similar common 
ground system for the equipment 
building (i.e. head end) which will have 
advantages to additional protection re- 
quirements relating to the building it- 
self. 

The ring ground system consists of a 
buried network of highly conductive 
cables or wires that distribute the re- 
sistive load of the ring over a large 
ground (earth) area. By combining the 
tower ring ground and the building 
ring ground into either a single large 
ring, or into an interconnected pair of 
rings, we establish a commonality of 
ground (earth) potential for all equip- 
ment on the premises. In addition to 
providing superior protection against 
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lightning discharges, the common 
ground greatly improves stray RF sig- 
nal radiation and stray pick up within 
the head end facility. Many a head end 
suddenly looses its “touchy tuning” 
and “pruning” when everything in the 
building is connected to a common 
ground (earth). 

The ring ground shown in Diagram 6 
is an expansion of the ring ground of 
Diagram 5, which was for the tower 
only. 

(1) Inareas with light or no ground 
freezes, the #2 AWG uninsu- 
lated tinned solid copper ring 
conductor should be 18 to 24 
inches below the grade (ground 
surface) level; 

In areas where deep freezes are 
common, the same copper wire 
material should be buried ap- 
proximately 4 feet in a concrete 
footing; 

In both situations, the ring 
ground wire is augmented by 
earth driven ground rods, 8 foot 
long by % inch diameter, with 
one ground rod for every 10 
feet of lineal buried ring ground 
wire, 

All connections, from ring 
ground to ground rods, to ex- 
ternal connections such as the 
tower legs, to feedline ground- 
ing plate on the exterior of the 
head end building, should be 
welded, cadwelded, or other- 
wise affixed one to the other. 
Clamps, which cause arcing, are 
not recommended under any 
circumstances. 

Under all cireumstances, we want to 
keep the lightning discharge out of the 
head end building, where it is danger- 
ous to both equipment and personnel. 
Normally, the only outer-to-inner path 
the discharge can follow is (1) the down 
lines, (2) the tower light power cables, 
(3) miscellaneous control cables such as 
search antenna rotor and weather in- 
strument sensors, (4) the power mains 
(AC) providing operating power to the 
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building, and (5) the trunk line leaving 
the building. 

Down lines, tower light power ca- 
bles, and miscellaneous control cables 
are on the tower side of the ledger, and 
are protected in the following manner: 


(1) All downlines should be bonded 
to a metal plate mounted on the 
exterior of the building. The 
plate in turn should be bonded 
(not connector affixed) to the 
ring ground system through a 
short length of #2 copper wire. 

(2) If the control cables from the 
weather sensors and/or the ro- 
tor control cables are not solid 
metal sheath covered, the run 
from the tower into the build- 
ing via the exterior located 
metal plate, should be in metal 
conduit. The conduit should 
start 6 feet (or more) up the 
tower from the horizontal run 
to the building plate and be 
bonded to the tower. Where 
possible, the conduit should 
start 6 feet above ground, and 
then carry the cables to the 
building underground. It is 
proper to bundle weather sen- 
sors and rotor control wires in- 
to a single conduit, but do not 
combine them with the tower 
light power wiring, either 
above ground or below ground. 
The conduit must be attached 
to the metal plate on the exter- 
ior of the building, through 
bonding, even if it runs under- 
ground from the tower to the 
building. 

(3) The tower light power wiring 
should come from the tower 
base to the building in conduit 
bonded to the tower. This wir- 
ing begins 6 feet above the tow- 
er take off point and continues 
to the exterior metal plate on 
the building, where it is 
bonded. 
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LIGHTNING DAMAGE REPORTS 


As lengthy as this report on light- 
ning damage to CATV facilities is, we 
believe there is more to be said. Ac- 
cordingly, we are soliciting from read- 
ers the following information, for fu- 
ture expansion of this discussion: 

(1) Photographs of lightning dam- 
age to CATV equipment, show- 
ing the extent of damage. 

(2) Reports of damage, including an 

analysis by the reporter of 
where the strike apparently oc- 
curred, and where it traveled 
and did damage, before being 
dissipated. 
Summary reports on how often 
each year you have had to re- 
place tower mounted electron- 
ics (pre-amplifiers, etc.), and of 
the extent of damage to the 
tower mounted gear (transis- 
tors blown, whole unit fried, 
power wiring burned, etc.). 

A simple letter will do. We intend to 
collect this data in report form for later 
use in CATJ. All contributions will be 
appreciated. 


Many CATV systems like to keep 
their downline cables high above 
ground on the entry into the building. 
This makes some sense from a vandal- 
ism point of view, but it also creates a 
long, exposed ground wire run from 
the metal exterior plate to the ring 
ground. It is preferable to locate the 
head end building entry point at 
ground level or below ground level, so 
the exterior metal plate is at or in the 
ground itself. This still requires tieing 
the exterior plate to the ring ground 
system, but it eliminates the dangers 
of exposed lightning voltage carrying 
cables and conduits at or above ground 
level. 

If you select this method, which is 
the preferable one, it is permissible to 
place the downlines in plastic PVC (if 
they are not jacketed cables). Keep in 
mind the bonding between the down- 
line cables must take place between 
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the outer aluminum jacket and the ex- 
terior metal plate. There is no good 
way to bond aluminum cable jackets to 
steel (or aluminum) exterior plates 
without running the risk of damaging 
the relatively fragile aluminum jacket 
on the downline. Perhaps the best 
technique is to install .412, .500, .750, 
etc. bulkhead fittings on the plate, 
making very sure that the bulk head 
fitting bites into the plate when it is 
installed. Remember that a poor DC 
(high impedance) connection will 
create arcing if the lightning voltage 
gets that far, and that with arcing 
there is heat, fire, and the possibility 
of explosion. Metal plates used for this 
exterior building entry point should 
not be painted, or weather or moisture 
protected, until after the bulk head fit- 
tings have been installed and tight- 
ened to within a micron of their life. If 
the plate is painted beforehand, the 
effectiveness of your bond to the plate, 
and to (earth) ground, is diminished. 
The chances for arcing goes up drama- 
tically as the effective resistance be- 
tween the two materials increases. 


Inside the Head End 


With the ring ground system in- 
stalled, all that remains to be pro- 
tected within the building, aside from 
the trunk line out and power line in, is 
the internal grounding system for the 
equipment. Be certain this is effective- 
ly tied to the ring ground. 

If you are building a new head end, it 
should be planned so that all equip- 
ment racks mount directly over bolts 
set into the concrete floor, which are 
welded to a reinforcing cage under the 
floor, that is welded to the ring ground 
system. Then, when the racks are in- 
stalled to the pre-placed bolts set into 
the concrete, be sure that the racks are 
free of paint at the point of connection. 
Real purists urge you to weld the bolts 
to the racks. While that insures that no 
arcing is likely to take place between 
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pressure-bonded connections, it may 
be more than the average CATV sys- 
tem designer is willing to do (until he 
has a head end rack explode’). 

As a check list, here are the items 
within the head end which must be 
directly connected to the ring ground 
system, preferably through two or 
four grounding paths (see Diagram 6): 

(1) Equipment racks 

(2) Any equipment 
mounted in racks 

(3) All internal building wiring, 
through both the metal conduit 
which carries the wiring and 
the ground wire on the three 
wire (ground) system 

(4) The metal door frame to the 
metal door (if one is used) 

(5) The shell, case, and/or mount- 
ing frame for the air condition- 
er 

(6) Any metal (copper or galvan- 
ized) screening used for equip- 
ment shielding, or partitions 
between units of equipment or 
racks 

(7) All metal encased multiple out- 
let power (AC) boxes, when 
they are mounted so as not to 
be directly tied to a rack, ete. 

(8) The building itself, if you use a 
metal building 


eases not 


The Trunk Line Out 


There is a technique common in 
CATV which should send shivers and 
chills up and down your back. That 
practice is utehzing the tower to attach 
the messenger strand as you make 
your trunk run from the building to the 
first system owned or joint pole. 

When you anchor one end of the 
messenger strand (or figure eight ca- 
ble strand) to the tower, you are just 
begging the lightning stroke to travel 
down the tower and into the whole sys- 
tem through the messenger strand. 
Needless to say, this places not only 
your head end, but your first section of 
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trunk plant, in a high danger area. If 
you are on joint poles with proper 
grounding at every end pole, plus 
every tenth pole, and all amplifier loca- 
tions between your strand and the tel- 
co/power grounds, you have just cre- 
ated one very large incentive for the 
down stroke of lightning to follow your 
messenger straight into town, or at 
least as far as the first joint guy 
(ground)! The trunk can then carry 
lightning voltages in two directions. If 
it is connected to the tower, (shudder) 
it can send lightning voltages and cur- 
rents into the plant when the strike 
point is to the tower. Or, if the light- 
ning strikes on the power/utility or 
your trunk line, it can carry the dam- 
aging voltages and currents not only 
on towards town, but right back to the 
head end. If the messenger is anchored 
to the tower, it can feed the stuff all 
over your head end. So, if you fall into 
this category, run, don’t walk, to the 
head end and get the messenger off the 
tower. 

On the assumption that you do not 
feed your trunk out of the head end via 
the tower, the main problem with the 
trunk line is seeing that lightning that 
strikes along the trunk or utility pole 
run(s) does not get back into the head 
via the trunk line. The simplest way to 
do this is to take an extra measure of 
precaution with the trunk run as it 
leaves the building: 

(1) Make sure that the trunk run is 
bonded to a metal plate, just as 
the antenna down lines were, as 
it leaves the building. Be cer- 
tain that the metal plate is 
properly tied to the ring ground 
system. You may want to uti- 
lize a separate metal plate (not 
the input down line plate) for 
this purpose, just to be extra 
safe. 

(2) In a new system situation, 
burying the trunk as it leaves 
the building for 20 feet or more 
is advisable: 
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(3) 


(4) 


(A) If you install the trunk ca- 
ble in metal (conduit) pipe 
run a #6 AWG copper 
bond between the mes- 
senger strand and the 
metal (conduit) pipe on 
the aerial end of the run, 
and between the metal 
(conduit) pipe and the 
metal plate at building en- 
try on the building end. 

(B) If you place the trunk ca- 
ble in PVC, or use jack- 
eted cable, run a #6 AWG 
copper wire from a bond- 
ing point on the aerial 
strand underground with 
the trunk cable to the 
metal entry plate, where 
it is bonded again. 

It is important to keep 
as close as possible to the 
DC potential (i.e. resis- 
tance) between the mes- 
senger strand and the 
ring ground system. By 
using 20-25 feet of #6 
AWG copper to tie or 
bond the strand to the 
ring ground, you will ac- 
complish this. 

With an aerial strand take off 
from a pole you set or have set 
or have set on a joint basis near 
the building, the aerial strand 
must be connected to your ring 
ground via a #6 (or larger) 
AWG copper wire. This is in 
addition to bonding the alumi- 
num jacket on the trunk cable 
to the metal plate (and the ring 
ground) as you exit the build- 
ing. 

If your trunk cable runs across 

an elevated hill top site for sev- 

eral spans before it gets down 
off the hill and into relatively 
protected low lands, and if this 
pole line is one of your own con- 
struction, you should consider 
carefully the effective “capture 
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area” of the pole line as it mean- 
ders across the hillside to the 
low lands. We will investigate 
the “zone of influence” for pole 
lines later, but suffice to say at 
this point that the exposed pole 
line run presents an attractive 
lightning discharge point to the 
menace overhead. The best so- 
lution to this is to ground at 
every pole through an 8 foot 
earth-driven ground rod (8’ x 
Ya”) from strand to ground. 
If you are on joint poles for the 
run out of the head end ii.e. 
rural power), perhaps you 
should inspect how often they 
are running earth grounds 
along the exposed run to your 
head end site. A half mile run 
(2500 feet) of rural power line, 
25-30 feet above ground, makes 
a very attractive discharge 
point for lightning. If it is 
grounded infrequently or not at 
all, as many rural lines seem to 
be, the “lightning antenna” 
draws discharges to your trunk 
line which hangs below. 


The Guy Anchor 


Grounding of the guy anchor is es- 
sentially the same as grounding of the 
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tower base, except there is less to it. 
See Diagram 7. Note that the individ- 
ual guy wires are bonded through a 
(common) #2 AWG tinned solid copper 
conductor that ends up in a driven 8 
foot earth ground. The ground rod can 
be set inside of the concrete pier for 
the guy anchor, provided it is top- 
ended 18 inches or more below the 
ground level in areas where freezing is 
likely. In areas where freezing is not a 
problem, the top of the earth-driven 
rod can be at ground level. 


Side Flashing 


Some special mention should be 
made of the effect known as side flash- 
ing. When two side by side racks, 
pieces of equipment, down lines, ete. 
are not equal with respect to DC earth 
ground, a potential can and does build 
up between the two (or more) units. 
This arcing is a good way to destroy 
delicate connectors, and equipment. 

If all lines, equipment, ete. are con- 
nected to the same common ring 
ground system, the problem is usually 
cured. However, in tall metal racks, it 
is also advisable to bond across the top 
of the racks (on the theory that the 
common grounding is at the base of the 
rack) with #6 AWG copper wire. Keep 
in mind that when any painted equip- 
ment (racks, ete.) or anodized equip- 
ment housings are connected together 
for bonding purposes, the bond must 
be between metal and metal. 


Pole (Wooden) Mounted Installations 


When antennas are mounted on 
wooden poles or platforms, the anten- 
nas attract the discharge, which passes 
to ground down the outer shell of the 
feedline. This is obviously a poor 
choice. 

Protection requires that a cone of 
protection be provided for the anten- 
nas, and the feedlines and equipment 


CATJ for 


connected thereto. By installing an 8 
foot copper ground rod as a lightning 
rod above the top antennas, the dis- 
charge can be intercepted and taken to 
ground around the antenna system. 
See Diagram 8. The down lines should 
be routed down one side of the wooden 
pole, and the ground wire run (#6 
AWG copper) should run down the op- 
posite side of the pole. All antenna 
booms, and downlines, and other metal 
encased equipment housings on the 
pole should be bonded to the #6 AWG 
copper ground wire. If the pole is well 
separated from the building, it may be 
necessary to create a mini-ring ground 
system around the pole to bring the 
equivalent resistance of the grounding 
system down low enough to present a 
low impedance “load” to the lightning 
stroke charge. Such a ring ground sys- 
tem can be created following instruc- 
tions given previously for a single tow- 
er, although a total circumference of 20 
feet should be adequate for a 40/50 
foot wooden pole. If several poles are 
grouped to form a platform, standard 
ring ground principals apply. A single 
8 foot ground rod may not be adequate 
for a single pole. 


If the wooden pole(s) is located near 
the head end building, the ring ground 
for the building can be designed to in- 
clude the location of the pole(s), and 
the #6 AWG ground down lead can be 
bonded (welded) to the ring ground. 


Wire Fences 


Wire fences around the perimeter 
of the property or head end building 
are potential discharge points for light- 
ning. If the fences run close to guy 
wires, buried ground rings, or other 
CATV system metal parts, they need 
to be bonded to the ring ground, guy 
wire anchors, etc. whenever they come 
within 6 feet of any metal part of your 
system. 
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Protecting the AC Service Side 


The design of a station grounding 
electrode system is very important, 
since this “dumping ground” for light- 
ning strokes is in reality the only pro- 
tection you have against lightning en- 
tering your building from one of sever- 
al directions. 

Table 2 illustrates the difference in 
earth resistance when temperature 
changes. A single 8 foot x %4 inch dia- 
meter copper ground rod has similar 
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problems when the earth’s tempera- 
ture changes: 


Soil Soil Rod 

Temp (F) Resistance Resistance 
60 degrees 82 ohm-meters 32 ohms 
33 degrees 135 ohm-meters 51 ohms 
31 degrees 330 ohm-meters 128 ohms 


Where frost penetrates below the 
depth of the ring ground counterpoise 
conductor, the effectiveness of the to- 
tal ground system falls onto the earth 
driven ground rods. Even when the 
frost does not penetrate, the lowering 
earth temperature greatly diminishes 
the effectiveness of the nominally low 
impedance grounding system. 

Thus, the tendency to start out with 
an 8 foot ground rod, but to “give up 
early” when driving it home, should be 
tempered by the realization that the 
depth of the driven rod may be the 
only saving factor in winter weather. 
The rise in head end “potential” (rela- 
tive to DC earth ground) can be quite 
dramatic in cold weather. 

When you start out to construct a 
new head end, and have the option of 
placing a welded steel reinforcing cage 
below the floor, connecting to the ring 
ground outside of the building, and all 
equipment bays, electrical conduit, etc. 
inside of the building, you at least are 
presented with the chance to do it 
right. However, when the head end is 
already installed, digging up the con- 
crete floor to place a reinforcing cage 
below is infeasible. 

An “after construction” system can 
be put together utilizing #2 AWG cop- 
per conductor attached directly to the 
inside wall of the building and running 
around the full inside circumference of 
the building. It should attach directly 
to the metal door frame, to any electri- 
eal conduit on the walls, and by way of 
“branch runs” tie to all equipment bays 
and racks. The internal ground bus 
must be connected to the exterior 
buried ring ground at several points. 
Buildings that measure 100 feet inside 
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perimeter (rare in CATV) require no 
fewer than four interconnections (i.e. 
each corner) to the ring ground buried 
system. The connection points to the 
exterior ring ground need not be total- 
ly symmetrical, but where cables enter 
and leave the building, there should be 
a direct run from the interior ground 
bus to the exterior ring ground. This 
keeps leads as short as possible (there- 
by keeping impedances down in the 
ground system) at points where light- 
ning strikes are likely to enter the fa- 
cility. 

It cannot be over emphasized that 
bonding, inspite of its simplicity, 1s a 
very effective way to protect against 
the hazards of surge voltages. There 
are two methods of reducing inductive 
voltages associated with surges. One is 
to reduce the length of the conductor 
(i.e. cut the length of the wire into 
which the surge voltage is being in- 
duced). The other is to distribute the 
induced current (which is inevitable) 
over a multiplicity of paths to ground. 

Bare copper wire has long been uti- 
lized, along with copper-clad ground 
rods, for the construction of ground 
systems. The durability of such metals 
has been proven by long experience. 
However, the cost of this metal has 
risen dramatically and there has been 
some use of more passive (i.e. higher 
resistance) metals. One acceptable 
step in that direction, which also con- 
tributes to a lower longer term corro- 
sion (stability) for the grounding sys- 
tem, is the use of stainless steel ground 
rods (alloy #304 or higher) and inter- 
connecting the rods with bare tinned 
copper wire. 

When installed indoors, or outdoors 
where protection is afforded, #6 AWG 
copper wire is electrically adequate for 
bonding and grounding. For direct bur- 
ial, #2 AWG solid copper is preferable 
because it holds up well to mechanical 
stresses. A solid conductor is prefera- 
ble to stranded conductors for burial 
because it holds up better to corrosion. 
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For the interior ground bus, stranded 
#2 AWG copper is acceptable since cor- 
rosion should not be a problem. 

Some form of metal fusing, such as 
cadwelding, provides an effective and 
durable means of connecting the com- 
ponents of a grounding system togeth- 
er. Pressure connectors are not recom- 
mended because they tend to loosen in 
time, and corrode. Once they loosen, 
the resistance of the connection rises 
sharply, even more sharply as corro- 
sion sets in. This diminishes the overall 
low resistance (impedance) of the 
ground system and creates a point 
where arcing can occur and possibly 
create an explosion. 


Any lines entering the head end can 
bring lightning surges into the build- 
ing, or act as an outward bound path 
for strikes to the tower array. Normal- 
ly, lines coming in are power and tele- 
phone. Rightfully, we are more con- 
cerned about surges coming into our 
head end from strikes on the power or 
telephone lines, than we are with 
surges passing through the head end 
into the inward bound power and telco 
lines. Still, if a strike hits our tower, 
flows through the head end and knocks 
out the inbound power and/or telco 
service, we stand the loss of service 
just the same (even if not the direct 
cost of repair). So, it behooves us to 
protect our system for both inbound 
and outbound surges that travel along 
the utility lines. 

The utility pole lines and/or your 
trunk line out of the head end repre- 
sent the same type of hazardous source 
as your tower, only it is lower to the 
ground and has some protection by vir- 
tue of its low provile. Still, on runs 
across rural country, the pole line is 
often the tallest thing around and it 
takes its lumps. Based upon frontal 
type storms (0.37 strikes per square 
mile per storm) and fifty thunderstorm 
days per year, the odds shape up like 
this for 30 foot poles: 
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Total Pole Run Length 


Strikes For Run/Per Year 


10 poles 0.17 
20 poles 0.34 
30 poles 0.68 
40 poles 0.84 
50 poles 1.01 


Thus, if you have an exposed fifty 
pole run into town, where we theoreti- 
cally have better “shielding” protee- 
tion for the poles, and are located in an 
area where fifty thunderstorms per 
year occur, you can count on the pole 
run of fifty poles to get zapped at least 
once each year. If your pole run is on 
one set of poles, and power is on anoth- 
er pole run, then your total exposure is 
the sum of all of the poles around you 
leading to or from the head end. 

Keep in mind that the “strikes per 
year” are calculated upon square miles 
of area, and that within the immediate 
square mile of your tower, your tower 
is probably the dominant feature. It 
will take all or most all of the strikes, 
unless it is “shielded” by other nearby 
taller towers. The poles close to the 
head end, or those within a radius of 
the tower base equal to 3 to 4 times the 
height of the tower, will seldom be 
struck directly. Once you get beyond a 
distance of 3 to 4 times the tower 
height from the tower base, any poles 
so located are prime targets for light- 
ning, if they are not shielded by other 
(numerous) tall objects. 


The Run To Your Head End 


How the utility brings service to 
your head end effects the type of light- 
ning protection required. Elevated 
sites, which are common in CATV, are 
generally on rocky soil which presents 
a much higher resistivity than a low 
lying marsh area, or flat area with 
moist soil. 

Open wire utility plants have sub- 
stantially higher insulation strength 
than paired cables. The likelihood of 
lightning damaging an open wire sys- 
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tem is not great, because they can sup- 
port higher voltage surges than lines 
constructed from paper insulated ca- 
bles. Consequently, where open wire 
utility lines interface with paired or 
covered cables, special protection mea- 
sures should be taken. 

Wire plant serving a CATV head 
end (see Diagram 9) should be term- 
inated on the outside of the building, 
permitting the ground lead from the 
protectors to be run directly to the 
external buried ring ground. The duty 
on these protectors will be severe, 
deeming it advisable to use gas-tube 
protection to reduce the possibility of 
permanent (i.e. shorted) grounding. 
Gas-tube protection may be applied in 
either of two ways: 

(1) Combination of fail-safe gas 
tubes in a fuse-type mounting, 
listed by UL for this purpose; 

(2) Gas tubes in parallel with the 
carbon blocks in a UL listed 
fuse-type mounting. 

In the case of telephone protector 
mountings, connector blocks, and 
terminals, a dual element gas tube can 
be conveniently mounted. 

Where the open wire plant junctions 
with plastic insulated cables (PIC), 
protectors should be applied to all 
wires entering the PIC cable. This is 
another situation where gas tubes, 
rather than carbon blocks, are prefera- 
ble because they are less apt to fuse 
and become permanently grounded. 
Paper shielded cables should be 
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avoided at the CATV head end, as they 
are especially vulnerable to flash-thru. 

Another means of reducing surges 
on open wire transmission systems is 
to provide auxiliary protection by in- 
stalling protectors between each line 
wire and a ground electrode (8 foot x 
34 inch ground rod) within a quarter to 
half mile of the CATV head end. 
Where possible, selecting the ground 
electrode point by virtue of superior, 
less rocky, more moist soil, will in- 
crease the grounding protection. Gas 
tube protectors are recommended in 
this situation. 


When the CATV head end is fed by 
telco lines with a metallic sheath cable, 
the diameter of the metallic sheath ca- 
ble is usually quite small. This means 
the shield resistance of that cable is 
quite high. Consequently, very large 
voltages can be produced between the 
inner conductors and the shield by 
surge currents of even moderate inten- 
sity. Because of the severe nature of 
the exposure around a CATV tower, 
metallic and paper sheathed cables are 
simply not advised for service runs to 
the CATV head end. It behooves the 
cable operator to point this out to the 
telco personnel planning your installa- 
tion, and to ask for PIC in the installa- 
tion. 


Above Ground Entry 


The above ground entry comes to 
your head end in much the same way 
you will probably leave your head end 
with your trunk cable—utilizing a mes- 
senger cable to support the utility ca- 
ble. See Diagram 10. The messenger 
(or neutral) power service cable should 
be connected directly to your exterior 
ring ground system. 


Below Ground Entry 


Lines brought into your head end 
below ground have several advan- 
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tages, although the initial expense is 
higher than aerial construction. 

The actual distance (from the head 
end to the building) you bury the in- 
coming lines is not critical unless you 
are able to get the utilities to bury for 
a distance equal to, or more than, 3 to 4 
times the tower height. This is the pre- 
ferable method, since it eliminates any 
opportunity for “flashing” from the 
above ground tower to the incoming 
utility lines. It also reduces the amount 
of “metal hanging in the area” around 
the head end, thereby reducing the 
overall liability. 

Barring this, if the utility service 
lines can be brought in for the last 20 
feet underground, there are some ad- 
vantages to be realized. Diagram 11 
shows how the utility strand, the metal 
conduit (if such conduit is used), the 
cable shield (if there is one), and the 
cable terminal are commonly bonded 
not only together, but to the exterior 
ring ground system and the interior 
ground bus system. 


Protection of Equipment 


Everything thus far has been relat- 
ed to providing protection to the build- 
ing; that is, equalizing all potentials 
inside and outside of the building so 
that high resistance paths do not de- 
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velop dangerous voltages. Naturally, if 
there is any way to keep the strike 
voltage out of the building, we want to 
do it. Following the guidelines given 
here, you will be able to provide the 
maximum extent of protection CATV 
head ends can realistically afford. 

Still, the danger of surges and tran- 
sients for head end equipment re- 
mains. The unique low voltage ratings 
of solid state CATV gear employed at 
most head ends presents unusual pro- 
tection problems for head end gear. 
For economic reasons, CATV head end 
equipment is frequently designed with 
small inverse voltage safety factors. 
Even transients, created by the 
switching of AC power sources (i.e. at 
the sub stations or power sources), are 
dangerous to semi-conductor rectifier 
devices. 

It is generally recognized that while 
a typical CATV head end may be 
treated to a direct lightning strike only 
a few times per year, the frequency of 
lightning-induced surges along and 
through the AC power mains may be 
from 2 to 5 times as great. 
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Such surges, in addition to normal 
switching transients encountered in 
many rural] areas on a daily or weekly 
basis, often exceed the capacity of solid 
state protection devices normally built 
into CATV head end gear. Naturally, if 
the ratings are exceeded for a suf- 
ficient length of time, the solid state 
components fail. However, it should be 
noted that there are two basic ap- 
proaches to surge protection: 

(1) Detect and shut down 
Through the use of very fast 
switching circuits, the presence 
of a voltage surge is detected 
and the AC power circuit is dis- 
connected from the load for 
either a timed period, or until 
the surge has leveled off at the 
normal voltage level. 
Swamping—By employing very 
large inductors in the AC pow- 
er circuit, the sudden surge 
voltages are “swamped” by the 
natural action of a large trans- 
former-inductor. In effect, the 
surge is dissipated in the con- 
stant voltage transformer. 

Lightning potentials in communica- 
tion plant systems are primarily longi- 
tudinal (i.e. conductor to earth in flow), 
but metallic voltages (conductor to 
conductor) develop because of resis- 
tance (impedance) imbalances. These 
imbalances can develop at a multitude 
of locations within a head end, and 
even within a discrete piece of proces- 
sing equipment. One study of a remote 
communication facility found that in a 
total of ten thunderstorms, there were 
249 surges ranging from 40 volts to 550 
peak volts across a pair of discrete 
wires located inside a metallic sheath 
cable. The range 40 volts to 550 volts is 
important because there is a “window 
region” here where normal air gap and 
line protectors do not perform (they 
normally start to function at some 
voltage in excess of 500 volts), and 
where solid state devices fail. General- 
ly, voltages from the operating voltage 
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up to approximately 100 volts are pro- 
tected by available solid state diodes. 
Between 100 volts and 500/550 volts 
there is an area for some concern, es- 
pecially in older solid state gear pro- 
duced before the latest advances in di- 
ode technology. 

Diodes are chiefly employed for pro- 
tection from metallic voltages, since 
most head end equipment is transform- 
er operated, and transformers, assum- 
ing they have adequate swamping ca- 
pacity, interrupt longitudinal path 
surges. Generally, the dielectric 
strength of transformers, with respect 
to DC ground, will exceed 500-600 
volts, and discharge gaps (i.e. external 
lightning protection devices on the AC 
line) will provide adequate voltage 
limitation above the rating of the die- 
lectric protection or break down value 
for voltages that exceed this value. 

The first step in reducing the magni- 
tude of power line surges entering a 
CATV head end is by the use of light- 
ning arresters on the AC secondary 
service conductors. The preferred loca- 
tion for these arresters is the service 
weather head. See Diagram 12-A and 
12-B. 


Experience has shown that a 175 
volt secondary arrester will provide 
dependable protection for equipment 
such as tower lamps (motors, heaters, 
etc.). However, such arresters are not 
adequate for protecting solid state 
equipment. 

For protection of solid state equip- 
ment, low voltage arresters are re- 
quired. They are usually installed on 
the AC distribution circuits within the 
head end, or on AC power strips 
mounted on each rack. When an AC 
voltage regulator, such as a SOLA 
CONSTANT VOLTAGE TRANS- 
FORMER, is installed between the AC 
secondary service power box and the 
AC distribution lines within the head 
end, this will normally protect against 
surges in the low voltage range elimi- 
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nating the need for a low voltage ar- 
rester circuit. 

When the entire head end operates 
continuously from a battery bank, the 
batteries provide an excellent “dump- 
ing ground” for surges. However, the 
use of a battery bank does not negate 
the need for arresters across the sec- 
ondary service (i.e. at the weather 
head or service entrance). The bat- 
teries operate through a typically solid 
state diode trickle charging system, 
and the rectifier diodes still require 
some large value surge protection, 
even if they are looking at the AC pow- 
er mains through a transformer. 


Myths About Protection 


Some effort at definitions is desira- 
ble because of the many myths which 
have developed through the years 
about lightning protection: 

An arrester is a discharge device 
used on power circuits to limit abnor- 
mal surge and transient voltages. The 
arresters in use for equipment protec- 
tion are normally rated for 600 volts or 
less. 

A protector is a simple discharge 
(air) gap device used on communica- 
tion circuit equipment. 

Arresters are utilized on circuits 
having appreciable, steady state volt- 
age (i.e. 117 VAC). Therefore, a simple 
discharge gap (i.e. protector) would 
continue to conduct steady state cur- 
rent, after the abnormal surge which 
initially operated the gap has attenu- 
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ated to a safe or normal value. The 
steady state current flowing through 
an arrester, after the surge has attenu- 
ated, is referred to as “power-follow 
current”. It cannot be tolerated for any 
appreciable time because current dis- 
connect devices will operate and de- 
energize the circuit, and the arrester 
will be damaged. It is necessary, there- 
fore, that arresters incorporate some 
type of “clearing mechanism” in addi- 
tion to the discharge gap to promptly 
interrupt the flow of power-follow cur- 
rent. Clearing on DC circuits is much 
more difficult than on 60 Hz circuits. 
Consequently, typical clearing voltages 
for one given type of arrester are 
usually given as “50 V de, or 175 V rms, 
60 Hz”. 


The arresters which the power utili- 
ty installs on its primary circuits adja- 
cent to a transformer (i.e. service step 
down transformer) are intended to 
protect the transformer exclusively. 
They do not provide protection for the 
secondary circuits and the associated 
CATV head end equipment. Diagrams 
12-A and 12-B show the location of such 
a benevolent gift from the power utili- 
ty, and the location of additional pro- 
tection which you, the user, must in- 
stall. In this diagram, if a primary volt- 
age of 7.2 kV is assumed, the arrester 
would have a sparkover value of 24.0 
kV (erest) on a 1.2 x 50 microsecond 
wave. These protection values do not 
offer any protection to the secondary 
voltage user. 


DIAGRAM 12-B 
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In Diagram 12-A, we have a scheme 
to provide increased reliability for the 
service transformer feeding your head 
end. This technique places 36 kV 
sparkover arresters on each leg of the 
delta distribution system primary, and 
an isolating gap (sparkover device), 
properly rated, from the neutral of the 
MGN system back to the grounding 
electrode lead on the primary side. 

Most power company grounds de- 
pend upon a single earth driven rod (8 
feet if the installation crew isn’t lazy!). 
On the other hand, your CATV system 
head end ring ground system, if you 
follow the suggestions here, has a 
much lower resistance with respect to 
ground than the power company single 
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rod. Naturally, it behooves you to ask 
them to connect their ground on their 
service pole to your ring ground sys- 
tem. Normally, the power utility will 
cooperate with you on a common 
ground connection, since they know all 
too well the grief they can have with 
their power line into your head end 
location if adequate ground precau- 
tions are not followed. 


Three Simple Secondary 
Arrester Schemes 


Diagram 13 shows how to prevent 
surge damage to a single piece of 
equipment through the use of a Joslyn 
Model 1250-02 arrester installed at the 
load end, with the arrester floating 
above ground. 


Diagram 14 expands the single unit/ 
single arrester concept to the common- 
ly found AC power bus found wired 
into CATV head end racks. 

Diagram 15 takes the single arrester 
approach to service for the entire head 
end, by placing the arrester across the 
AC input line(s) in the main service 
disconnect box. 
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The publication of this paper by Bob 
O’Hara, of Theta-Com, marks a depar- 
ture from the CATJ format of nearly 
one year. Our format has called for in- 
ternal generation of articles, reports, 
and papers for publication. Material 
submitted has been handled through 
our Technical Topics column, or 
through melding into other similar ma- 
terial, by our staff, into a complete re- 
port. 

In the future, articles or papers pre- 
pared by readers will be considered for 
publication provided (1) you make in- 
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ered by the author. 
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TRANSIENT CLIPPER 


By: 
Bob O'Hara, 
Product Sales Manager-CATV 
THETA-COM Subsidiary of 
Hughes Aircraft Company 


Transient caused outages and equip- 
ment damage in the CATV industry 
has been, and continues to be, a very 
costly factor to the CATV systems op- 
erator. An extensive investigation of 
protective devices aimed at preventing 
transient damage has resulted in the 
development of the Transient Clipper 
by Theta-Com. The Transient Clipper 
is intended to prevent damage from 
one source of transients. For discus- 
sion, we may categorize transients into 
two types: 

A. Transients that are caused due to 
power line faults, power line load 
changes, and lightning effects 
transmitted from the power lines 
into the CATV power system. 

B. Transients caused by power line 
disturbances and direct lightning 
or atmospheric effects coupled in- 
to the strand or coax of the CATV 
system. 

The key point in diagnosing and 
treating the transient ills is knowing 
where they enter the cable system (see 
Diagram 1). 

1. The Transient Clipper will protect 
against those transients (“A” 
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type) coming through the CATV 
60 Ez power supply. It will not 
protect against the “B” type tran- 
sients entering from the coax and 
strand direction. These will be dis- 
cussed in the latter part of this 
report. 

2. The difficulty in handling tran- 
sients is clarified if we look at the 
nature of transients, i.e. rise time, 
duration, and particularly the 
magnitude of the currents and 
voltages. 


Direct lightning strikes have had the 
following recorded: 

Current: 

10,000 amps avg. to 160,000 amps 
max. 

Rise time: 

12,000 V/usec 

Voltage: 

72,000 V 

Waveform Definition: 

6 x 20 is a standard test waveform 
for typical lightning strikes. The 
first number (6) is the rise time, 
the second (20) is the time to de- 
cay to 1/2 amplitude, as shown in 
Diagram 2. 

Power line surges resulting from 
switching load transients can range 
from one usec to the larger part of a 
second. Currents of 2,000 amps and 
voltages of 15,000 volts are not uncom- 
mon. Higher and lower values for tran- 
sients can be cited, and when com- 
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pared to the 24 volt transistors we use, 
the magnitudes are formidable! 

The lack of adequate transient pro- 
tection (assuming you are in an area of 
high transient activity) can be expen- 
sive in maintenance cost, equipment 
damage, and most serious, loss of cus- 
tomers. Equipment damage includes 
expensive R.F. transistors, power sup- 
plies, and passive devices. 

This damage will occur from tran- 
sients coming either through the pow- 
er supply, or from the other direction 
down the coax. Let’s look at how the 
Transient Clipper protects the system 
from transients which enter through 
the power supply. The typical wave- 
form from a ferro-resonant supply is 
shown in Diagram 3. The peak value is 
62 to 72 at full load and no load respec- 
tively. The Transient Clipper is con- 
nected across the 60 volt (rms.) ter- 
minals and will conduct. when the peak 
voltage exceeds 91+/—% in either a 
positive or negative direction. This is 
done by a network of avalanche (zener) 
diodes. The voltage and current waves 
of the Transient Clipper and two other 
devices are shown in Diagram 4. 
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Characteristics of the 
Transient Clipper— 


The sharp curve (zener characteris- 
tic) allows the breakdown voltage to be 
set reasonably close (130%) to the op- 
erating voltage. Other devices used 
start at 200%, and some go to 400% 
voltage, before complete breakdown. 
When the Transient Clipper conducts, 
it clips above 91 volts, but does not 
present a low impedance or short cir- 
cuit, as does the spark gap device. The 
turn on and off time is very fast at 
10-12 seconds (one millionth of one mi- 
crosecond). It has a peak power dissi- 
pation rating of 15,000 watts and a 
peak pulse current rating of 300 amps. 
The small size of the Transient Clipper 
allows it to be easily mounted in the 
power supply housing. 


Problems Cured by the 
Transient Clipper 


Ferro-resonant type power supplies 
(which are used by the majority of 
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CATV systems) produce a voltage 
transient of 2 to 3 times rated output 
voltage when turned on. This will de- 
cay to normal voltage in 2 or 3 cycles of 
the 60 Hz frequency. The Transient 
Clipper will clamp these at a lower 
voltage than the spark gap type de- 
vices. The spark gap units at times 
would not turn off due to the power 
supply short circuit current. When 
they do not turn off, they will destroy 
themselves by melting leads or solder 
joints in the associated circuitry. The 
Transient Clipper does not have this 
problem as it turns off at approximate- 
ly 91 volts peak. 


Experience with Transient Clipper 


The basic circuit device in the Tran- 
scient Clipper has been used in air- 
borne electronics equipment to protect 
voltage sensitive components from 
large voltage transients. The device 
was tested in the Theta-Com Engineer- 
ing Laboratory and subsequently in- 
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AEL HAS CLIPPER 


Transient clipper Model TZ-1 has re- 
cently been announced by AEL. Model 
TZ-1 connects to the output winding of 
the cable system power supply and can 
be used with either 30 or 60 VAC sys- 
tems. The specs are as follows: 

Peak pulse power dissipation— 
15,000 watts at 70 degrees F 


Clamping time—10°12 seconds 
Max Peak Pulse Current—300 


amps 
Peak Clipping 
volts, +/— 9 volts 
Net Price—$29.50 
A copy of a data sheet on the TZ-1 is 
available from AEL Communications 
Corporation, P.O. Box 507, Lansdale, 
Pa. 19446. 


Voltage—91 


stalled in several systems that were 
experiencing severe transient prob- 
lems. The resulting reduction in tran- 
sient damage and outages has been 
dramatic in most cases. 


Category “B”—Induced Transients 


Coax Sheath & Strand 


There still remains trouble areas in 
these systems that continue to experi- 
ence blown fuses and _ transistors. 
These problems typically were from 
transients entering the cable system 
via the coaxial cable and strand. Theo- 
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retically, the Transient Clipper could 
be used at the individual amplifier 
power supplies, and would provide 
some protection in these situations. 
However, it has not been evaluated in 
this use; it would only be a band-aid 
type fix, and not the proper cure for 
this type of transient. 

Other protective devices presently 
in use include fuses, spark gaps, etc. 
and they prove useful. Many times 
they create a secondary problem by 
doing their job of protecting equip- 
ment, but creating a system outage in 
the process. The most important con- 
sideration for system protection from 
this type of transient is a good ground- 
ing system. To understand what a 
“good” grounding system is, let’s look 
at a simplified example of how the 
transients are produced (see Diagram 
5). Surge currents in the power strand 
and lines produce a magnetic field 
which, by fundamental principles of in- 
ductive coupling, produces a voltage in 
the CATV strand and coax sheath. 
This voltage produces current which 
flows toward the best ground point, as 
does the surge current in the power 
strand. 


There are three grounding situa- 
tions shown in Diagrams 6A, 6B, and 
6C which are significant. In all three 
situations it has been assumed that the 
surge current in the power strand is 
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Theta-Com Transient Clipper is totally encapsulat- 
ed, simple to install. 


5,000 amps, and a surge has been cou- 
pled into the CATV strand and coax 
sheath of 1,000 amps. A ground resis- 
tance of 5 ohms has also been assumed. 

Diagram 6A, the CATV strand is 
“strapped” to the power strand, and 
the sum of 5,000 and 1,000 amps flows 
through the common ground resis- 
tance of 5 ohms, producing a voltage at 
the amplifier case of 30,000 volts. 

In Diagram 6B, a separate ground 
lead and rod have been installed on the 
CATV strand which is still strapped to 
the power strand. The total surge cur- 
rent of 6,000 amps divides equally be- 
tween the two grounds, and produces 
15,000 volts (3,000 amps x 5 ohms) at 
the amplifier housing. This is a 2 to 1 
improvement over Diagram 6A. 


In Diagram 6C, the strap has been 
removed from the power strand, allow- 
ing the surge current in each strand to 
follow the separate grounds installed 
on each system. The 1,000 amps in the 
CATV strand will produce 5,000 volts 
(1,000 amps x 5 ohms) at the amplifier 
housing. This is a 6 to 1 improvement 
over Diagram 6A. 

The above is intended to illustrate 
the problems that can be encountered 
in grounding systems, and the impor- 
tance of low ground resistance. There 
are “attachment” requirements, in 
many instances, necessitating strap- 
ping to power grounds. However, 
many systems having consistent tran- 
sient problems are able to cure them 
only by removing the strap. This was 
done after all other remedies had been 
tried. A good grounding system is 


FEB., 1975 


POWER 
STRAND 5000 AMPS aS 
CATV 1000 AMPS ae 
STRAND | Ve=30,000 V a BL 
6000 AMPS ells. a: 

Rg=5 82 TRUNK COAX 
AMPLIFIER 
DIAGRAM 6-A 
POWER 
STRAND 5000 AMPS is 
CATV 1000 AMPS i 
STRAND 4] Vt = 15,000 Vv 

3000 AMPS 4 $ 3000 AMPS Samia x 

Rg = 502 ii poe TRUNK COAX 
el AMPLIFIER 
DIAGRAM 6-B 

POWER 

STRAND _ 5000 AMPS = 
CATV [ 1000 AMPS = 

es 

STRAND | j i Vt = 5000 = 
Vt=25,000~, ~ VOLTS oe Fe 

> o 

MORES oe S| [ 1000 AMPS “COAX 

5000 AMPS Rg =582 

Rg = 582 TRUNK AMPLIFIER 


DIAGRAM 6-C 


necessary to reduce the high tran- 
sients to a minimum before they reach 
the equipment. If this is done, then 
various protective devices stand a bet- 
ter chance of protecting the equip- 
ment. 

Transistor protection is provided by 
the spark gap (Siemens) devices. They 
are the only devices in use that have a 
suffieiently low capacitance to attach 
directly to the center conductor, with- 
out effecting the RF signals signifi- 
cantly. In the future, a low capacitance 
device having a zener-type characteris- 
tic would provide a significant im- 
provement, and reduce the number of 
R.F. transistor losses. Use of the Tran- 
sient Clipper and a good grounding 
system have proven to be a satisfac- 
tory solution for many systems that 
have been plagued with transient out- 
ages. 
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CATJ REVIEWS 
ARVIN 500B SLM 


Basically Different 


In our four month series on field 
strength meters (October/November/ 
December 1974 and January 1975) 
CATJ looked at the design criteria and 
basic meter operating habits of five 
popular CATV SLM/FSM devices. In 
the course of that series, we developed 
some basic operating data about virtu- 
ally all instruments on the market, and 
found a number of areas where even 
the most expensive instruments had 
potential, if not real problems. 

Our primary continuing concern as 
we developed that series was the accu- 
racy of absolute calibration to make 
real FSM test measurements in hard 
numbers. We found meter scale linear- 
ity and detector efficiency were two 
criteria that continually caused prob- 
lems for meter designers. Readers who 
have not reviewed that four part series 
are well advised to do so at this time. 

The Arvin Systems, Inc. Model 500B 
signal level meter is very new on the 
CATV scene. Attendants of recent 
CATV trade shows have had the op- 
portunity to see this meter and discuss 
its design philosophy with Arvin’s 
Jack Cauldwell, but very few opera- 
tors have had this new instrument in 
the field. 

When the previous four part series 
on SLM/FSM devices began, Arvin 
contacted CATJ and asked if they 
could provide us a meter for evalua- 
tion. We said, “Sure, send it down.” In 
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mid-December Jack Cauldwell, accom- 
panied by engineer Paul Buddendeck, 
brought a meter to Oklahoma City for 
a one-day evaluation and learning ses- 
sion. 

The 500B meter approaches the 
measurement question from a new di- 
rection. The premise behind the un- 
usual approach is to “eliminate meter 
scale non-linearities and detector effi- 
ciency problems” that translate into 
errors on the meter-scale display. 


ee 


ARVIN SYSTEMS, INC. Model 500B covers 5-300 
MHz with 36 pre-programmed push buttons for 
channel selection 
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es 4 
500B meter scale reads over 4 db range; you zero 
level to ‘‘0"’ point and read real level on calibrated 
attenuator 


Most meters have a mechanical/elec- 
trical display range, via a meter move- 
ment, of from 20 to 30 db per range. 
The 500B does not; its display range is 
4 db. The designers of the 500B have 
limited the meter display range to a 
very narrow segment of the dbmv 
scale on the theory that by operating 
the whole unit (including detector) 
within a range of +/— 2 db, the errors 
that creep into 20 or 30 db seale width 
meters are eliminated, or greatly cur- 
tailed. 

The “heart” of the 500B then be- 
comes the front end switchable attenu- 
ators, a system of 10 db and 1 db step 
attenuators in a rotary configuration 
that allows the user to sum the 10 db 
range with the 1 db range to have 1 db 
steps from -30 dbmv (-32) to +60 dbmv 
(+62). 

You operate the meter differently 
than other meters, because your scale- 
window in your display is limited to 
+/— 2 db. On the assumption you 
have some idea what the signal range 
is, you “crank in” the appropriate 
amount of 10 db attenuators to be the 
ball park. Then you “fine tune” with 
the 1 db step attenuator until the me- 
ter reads zero on the +/— 2 db win- 
dow shown on the meter face. When 
the meter reads zero (see photo) the 
true signal level is determined by look- 
ing at the calibrated scale on the atten- 
uators. What they read out, while the 
meter scale is “zeroed”, is the level you 
have. 

With that basic description of how 
the 500B differs in operation from oth- 
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500B calibrated attenuator ‘“twindows" read out 
level of signal after user ‘‘zeros meter"’ 


er meters, let’s see what is inside of 
the “black box”. 

As Diagram 1 shows, the input sig- 
nal (over any range from 5 to 300 MHz) 
first sees a set of precision rotary at- 
tenuators, 10 db per step and 1 db per 
step, as previously explained. Follow- 
ing the step attenuator is a broadband 
RF pre-amplifier, which has circuit 
temperature compensation for high 
(frequency) end equalization. 

Following the pre-amplifier is a dou- 
ble balanced mixer (Mini-Circuits 
SRA-1). The double balanced mixer 
sees the RF input from the input F 
connector, plus, it also sees a variable 
carrier frequency oscillator (i.e. local 
oscillator) that operates at some ad- 
justable frequency between 205 and 
355 MHz. The product of the input sig- 
nal (say 50 MHz) and the VCO (say 305 
MHz) is the first if. at 355 MHz. How 
the local oscillator is derived will be 
covered shortly. 


Following the 355 MHz output mixer 
is an if. filter, at 855 MHz, and then a 
second mixer/conversion stage. This 
one sees the 355 MHz i.f. input and a 
335 MHz oscillator which produces a 20 
MHz i.f. output. The 20 MHz if. is the 
basic gaini.f. in the unit. 

Following this 20 MHz output from 
the second mixer (also an SRA-1 dou- 
ble balanced type) is a variable attenu- 
ator; +/— 3 db through a pin diode 
(voltage controlled) system. 
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Finally the signal sees a fairly con- 
ventional diode detector/high imped- 
ance DC amplifier that drives the me- 
ter element. 

Total gain through the package, 
from input to the front-end RF pre- 
amplifier, to the meter amplifier, is 62 
db according to Arvin. 

Now actually the 355 MHz if. is only 
for low band signals. The VCO oper- 
ates in the 205-350 MHz range for both 
low and high band. It works out like 
this: 


ATTENUATOR 
10db/STEP 
(80db) 


ATTENUATOR 


Idb/STEP 
(10db) 


Input 
| Frequency VCO/LO 1.F. Output 
DIPLEX 5 MHz 350 MHz 355 MHz 
CHANNEL ats 50 MHz 305 MHz 355 MHz 
100 MHz 255 MHz 355 MHz 
150 MHz 205 MHz 355 MHz 
150 MHz 205 MHz 55 MHz 
200 MHz 255 MHz 55 MHz 
250 MHz 305 MHz 55 MHz 
300 MHz 355 MHz 55 MHz 


Recall that there are no active (i.e. 
amplified) stages between the input 
(RF) broadband pre-amplifier and the 

zoe first 20 MHz if. amplifier. What is 
there are two mixers—a diplex filter, 

and the pin diode fine-adjustment at- 
LF. rarer | tenuator. The diplex filter has two sec- 
tions: one that passes 855 MHz (for low 
band signals converted to the high fre- 


a 2 

\ / 20 quency if.) and one that passes 55 
DETECTOR 

M 

DRIVER 


MHz (for high band signals converted 
to the low frequency i.f.). 


DIAGRAM 1 


Then the signal encounters its first 
“gain” since the broadband RF pre- 
amplifier (ahead of the first mixer), a 
bi-polar 20 MHz if. stage. This is fol- a 
lowed by a 20 MHz if. filter network A total of 72 pots (trimmable resistors) operate 
and then a second bi-polar 20 MHz 1.f. calibrate controls (2 per push button frequency); 


Are CATS suggested the pots be labeled for quick refer - 
amplifier. ence 
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No Manual Tuning 


The 500B is tuned exclusively by 
push buttons, thirty-six in all. The 
push buttons activate a fairly straight 
forward set of switching diodes that (1) 
set the oscillator tuning for conversion 
to the first if. (for low band or high 
band), (2) select the proper second os- 
cillator for conversion to the second 
i.f., and (3) select the proper amount of 
individual channel compensation so 
that the level you read on the meter is 
within the specification of the unit (+/ 


— 1 db). 

The push buttons can be pro- 
grammed for any frequency in the 
5-300 MHz region, with eighteen but- 
tons normally set aside for low band 
(5-150 MHz) and eighteen buttons set 
aside for high band (150-300 MHz). 


Visual or Aural Carriers 


Selection of the visual carrier level 
or aural carrier level is a front-panel 
slide switch which selects one of two 
oscillators in the second mixer stage. 
For example, if you are tuned to chan- 
nel 6 video (i.e. have channel 6 button 
pushed in) and are reading video level, 
the first VCO (programmed via a con- 
trol voltage on the push button 
switch) is tuned to 271.75 MHz. This 
LO voltage, plus the 83.25 MHz chan- 
nel 6 video carrier signal voltage re- 
sults in a mixer output of 355.0 MHz 
(see Diagram 2-A). Then by mixing the 
355 MHz i.f. with a 335 MHz crystal 
oscillator in the second LO, we have 
the basic 20 MHz i.f. output from the 
second mixer. 

Now, to get audio out of this, Arvin 
leaves the front end tuned 271.75 MHz 
VCO/LO alone and_ switches the 
second crystal oscillator from a 335.0 
MHz unit to a 339.5 MHz unit (see Dia- 
gram 2-B and the mathematical analy- 
sis along the right hand edge). This 
produces a 20 MHz i.f. from the 87.75 
MHz channel 6 aural carrier. To make 
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this scheme fly, Arvin must keep its 
355 MHz diplexed i.f. filter quite flat 
over at least the 355-359.5 MHz region, 
or the aural carrier would be filter- 
sloped down (or perhaps peaked up- 
ward) out of proportion to its associ- 
ated video carrier. 

All of this “magic” is accomplished 
by simply sliding the front panel 
switch from video to aural. 

The 335 and 339.5 MHz oscillators 
are shown in Diagram 3; they begin at 
111.667 and 113.167 respectively and 
triple to 335 and 339.5 MHz (tripler 
section not shown). Note that selection 
of the respective oscillator is through a 
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DIAGRAM 3 


panel slide switch, via a 12 VDC supply 
line. 


Individual Channel Compensation 


Diagram 4 typifies an individual 
channel push button switch. Compen- 
sation is individual to each channel, 
and it appears that between 5 and 300 
MHz there may be as much as 5 db of 
individual push-button-channel com- 
pensation available. 

There are two adjustment pots (see 
photo) per channel 1 to set the VCO 
frequency so that when the push but- 
ton switch selects the channel, the 
proper voltage appears at the VCO, 
which produces the proper tuning of 
the voltage variable capacitor (thereby 
putting you on the chosen frequency). 
The other is a compensation adjust- 
ment for that channel, via the pin diode 
attenuator. 

There is also a vernier (electronic) 
fine tuning on the i.f., to compensate 
via a front panel knob for small 
changes in VCO action. Arvin original- 
ly showed the 500B with an AFC sys- 


46 


tem to eliminate operator tuning of 
any kind. However, in the final form in 
which the meter is now being shipped, 
the AFC system has been replaced 
with a manual fine-tuning adjust knob 
(see photo). This fine tuning allows you 
to “peak” the meter reading on any 
single channel. The tuning range of the 
fine tuning is approximately +/—1.0 
MHz. 

Powering System 


The 500B always operates from the 
batteries, even when operating from 
AC. That is, the power supply is for 
DC operation and even when the unit 
is plugged into AC outlet (for charge 
cycle) the unit draws current through 
the battery supply. 

The basic supply is an 18 volt DC 
supply (full charge) which shuts down 
(i.e. refuses to supply regulated output 
voltage) when the current drain re- 
duces the supply potential to 15 volts 
DC. 

The unit draws 120 mA of current 
while operating and has a 1.2 amp ca- 
pacity. The recharge time according to 
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Arvin is 12 hours at 100 mA per hour. 
Seemingly if you operated the unit 
while it was plugged in and charging 
(i.e. at the head end, shop, etc.) you 
would be drawing out 120 mA per hour 
and replacing only 100 mA per hour, 
thereby losing 20 mA of charge for 
each hour operated. Apparently for 
full time operation from 110 VAC (ie. 
through the charger) you have to start 
out with at least a modest charge to 
offset the differential between going 
out and coming in! For full time bench 
operation, the 500B might need some 
modifications in the power supply ¢f it 
were going to be used constantly on 
the bench. Arvin does advise that a 12 
VDC external source jack will be avail- 
able shortly on the back apron, so the 
unit could be operated from an exter- 
nal 12 VDC supply such as a battery. 

In addition to the basic 18 volt DC 
supply (regulated to 12) there is also a 
very small (i.e. small in current load) 
23 volt supply for operation of the 
channel selector system; 1 mA load is 
all that is utilized here. In the unit 
which CATJ saw, this was supplied via 
a secondary battery system; Arvin ad- 
vises newer units have a multi-vibra- 
tor system operating off of the 18 volt 
DC supply. See Diagram 5. 


General Impressions 


In the October and November issues 
of CATJ, five separate FSM/SLM 
products were reviewed and evaluated 
for absolute and scale-linearity read- 
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CATJ bench, and there were cross 
checks possible between different 
units because of the testing system 
utilized. Because the Arvin 500B ar- 
rived by itself, no such cross checks 
were possible (several of the other 
units tested and reported on in Octo- 
ber and November had been returned 
to their respective manufacturers by 
mid-December’s visit from Arvin). 
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ARVIN 500B 


Frequency Range: 5-300 MHz 
Measurement Range: -32 to +62 dbmv 
Input Impedance: 75 ohms 
Selectivity: 
at 3 db points, +/— 400 kHz 
at 30 db points, +/— 1.5 MHz 
Accuracy: +/— 1.0 db, -20/+120 F 
Temperature Range: 

-40 F to +140 F (storage) 
Power Requirements: 

Rechargeable NiKad battery, 110 
VAC (through battery on charge 
cycle), 12.6 VDC 

Weight: 15 pounds 

Size: 81/2” high x 101” wide x 7%” 
deep 

Battery Drain: 120 mA 

Minimum Battery Voltage Required: 

15 volts for regulator to function 

Price Range: $895.00 


Thus we cannot present an absolute 
level evaluation of the 500B. We have 
managed to talk Arvin out of a temper- 
ature compensation chart, however, 
and it is shown here as Diagram 6. This 
chart depicts the amount of compensa- 
tion they must design into the unit for 
various frequencies between 5 and 300 
MHz, at various environmental tem- 
peratures. This is not an out-of-spec 
report; it merely shows what “tricks” 
the factory has to play with the circuit 


to make it “flat” to within their +/— 1 
db spec. Given these numbers for an 
uncompensated meter, Arvin was able 
to tackle the range of individual chan- 
nel compensation adjustments and de- 
sign the final parameters for the pin 
diode attenuator located between the 
second mixer and the input to the 20 
MHz i.f. amplifier. 

The construction approach to the 
500B is modular; the photo shows (al- 
though not too clearly) that small slide- 
in “U” channel trays hold the various 
circuit sections. What does not show 
too clearly is the fact that the circuitry 
of the 500B is really very straight for- 
ward. A full set of schematics, which 
Arvin left with CATJ, indicates that 
(1) cautious use of temperature com- 
pensation is found in the broadband 
input pre- amp, in the 20 MHz i.f. am- 
plifier and in the detector circuit; (2) 
there is not an over abundance of parts 
(i.e. circuits seem to have been re- 
duced to their practical minimums); (3) 
common parts-house type parts are 
used throughout (i.e. given a full set of 
schematics and an electronics parts 
house in a city of 50,000 or more, you 
could probably duplicate the meter on 
your own); (4) the only complexity in 
the unit is in the 36 sets of switches, 
with their attendant pots, diodes, re- 
sistors, ete. to make the unit change 
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channels, tune accurately, and compen 
sate. 


Arvin’s history in electronics isp 


heavily weighted in the oscillator field. 


For many years they participated in| 


the military electronics rat race sup- 
plying complex, highly stable oscilla- 
tors to manufacturers of complete mili- 
tary communication systems. Arvin’s 


Jack Cauldwell mentions this history 


frequently, seemingly to illustrate the 
company’s ability to produce a high 
quality SLM/FSM that is highly de- 
pendent upon oscillators for its accura- 
cy and usefulness. 

The 500B does not have an aural out- 
put (i.e. speaker) although they do 
have a no-cost option of providing a 
detected video output to drive a scope 
of chart recorder display. The video 
(detected) output option provides 0.8 
volts peak to peak with an input (RF) 
level of +10 dbmv or greater. 

The “battery check” switch on the 
front panel checks the actual state of 


Ss Rf ok . 0 orm 
internal electronics, aside from large array of pots, 
is basically on individual ‘trays’ for discrete cir- 
cuit boards. 


the battery charge (i.e. it is ahead of 
the regulator). It is marked “Bad” and 
“Good”. Seemingly, with a known bat- 
tery-supply capacity and a reasonably 
linear meter, this “Bad” and “Good” 
battery indicator could be re-scaled 
from “0%” to “100%” to indicate, with 
appropriate marks along the way, the 
exact amount of charge remaining in 
the cells. The meter has a 1 mA move- 
ment. 


ees 
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While CATJ had the unit here for 
test, we took a look at the method by 
which the input “F” connector is 
mounted on the panel. Our analysis is 
that you could change it out in about 
one hour’s time with only modest fin- 
ger pinching. 

The argument Arvin makes for abso- 
lute accuracy is an interesting one. 
‘Meter inaccuracies are primarily due 
to (1) detector efficiency changes, (2) 
meter-element non-linearities, (3) me- 
ter (DC) amplifier non-linearities, and 
(4) temperature (environment).” they 
theorize. “The 500B eliminates all but 
the temperature portion, by doing 
away with the 20 (or 30) db meter 
range, and operating the detector at 
one level (+/— 2 db) where efficiency 
can be accurately determined.” Then 
they build in individual (push button 
connected) channel compensation so 
that, as the alignment tech sets the 
unit up, he can “tweek” upon the com- 
pensating control(s) and set the unit 
dead on for each channel. 

Seemingly, with that type of ap- 
proach (which is similar to the Mid- 
State Communications SLIM, except 
SLIM employs AFC as well), there is 
only one way a meter can get out of 
spec, and that is environment. 

Even though Arvin supplied us with 
a temp comp chart from their design 
notebook (Diagram 6), we would pre- 
fer to see an end-user temp comp chart 
that tells the user how many parts of a 
db to comp up or down when the tem- 
perature is this side or that side of a 
normal 70 degree F environment. 


Things to Consider 


We didn’t have the meter itself long 
enough to develop any personal] feel- 
ings about how well it might perform 
for us in normal useage. 


Arvin makes the point in their data 


sheet that measurement time is re- 
duced with the 500B because you 
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merely “push the button and read the 
level” for each channel. Truthfully, we 
found we had to re-adjust the fine-tun- 
ing compensation for most of the chan- 
nels to peak the carrier in the center of 
the passband; and this slows you down 
from push-read-push-read just a tad. 

When we went from reading visual 
carriers to the same channel aural car- 
riers, very little (if any) retuning was 
required. This suggested to us that the 
“drift” was taking place in the VCO in 
the front end, since, once we had sta- 
bilized on the video carrier within the 
355 MHz i.f., shifting to the audio car- 
rier seldom required retuning. 

We did check the aceuracy of the 1 
db and 10 db step attenuators, and not 
surprisingly they were every bit as ac- 
curate as our reference step attenua- 
tors. Small wonder—the 500B uses 
some very expensive, first quality ro- 
tary attenuators in the front of the in- 
strument! 

The “narrow range” of the level-zero 
-meter takes some getting used to, and 
there may be some built-in limitations 
for some users. We can’t imagine try- 
ing to track the depth of widely vary- 
ing signal level (i.e. one fading over a 
range more than the 4 db “window of 
the meter”) with the 500B. Many 20 db 
meter-scale instruments are not “wide 
enough” for tracking some beyond- 
grade-B signals and the 4 db range 
seems altogether too tight for this ex- 
ercise. 


Stil, as we said in the first part in 
our four part FSM/SLM meter series, 
nobody has yet built a perfect, do ev- 
erything meter, because to do so would 
require a housing so large that you 
probably could not transport it! So if 
you find yourself studying the 500B for 
maintaining plant and head end output 
levels only, and disregarding time- 
term measurements of widely varying 
input to head end levels, you probably 
are thinking with your head screwed 
on correctly. 
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Zap Outages 


NACOGDOCHES, TEXAS 
vs. MOTHER NATURE 


HIDDEN SURGE COSTS 


Surges in the CATV system plant 
powering complex, regardless of the 
origin of the surge, usually result in 
damage and/or outage to some portion 
of the signal transportation network. 
AC power supplies, line amplifiers, and 
DC power supplies located within the 
line powered amplifiers are often par- 
tially or totally destroyed by surges. 
The obvious damage to equipment 
costs money and time to repair, but it 
can be put back into working order. 

This may not be so evident when you 
consider the “hidden damage” to the 
system’s operation. Specifically, a sys- 
tem that suffers more surge damage 
than it should has an on-going problem 
with existing subscriber good will. It 
also has a problem with potential sys- 
tem subscribers who “hear” that the 
cable is unreliable and who never try 
the service as a result. Finally, there is 
the potential problem of outages being 
so frequent that the local franchising 
authority feels obliged, under pressure 
of subscriber complaints, to call the 
system on the carpet for an explana- 
tion of the outages. 


IT HAPPENED IN NACOGDOCHES 


Texas Community Antennas (TCA) 
of Tyler, Texas owns and operates sys- 
tems in Texas, Louisiana, and Arkan- 
sas. One of the TCA systems is located 
in Nacogdoches, Texas. It was rebuilt 
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in 1972 using all solid state equipment. 
The system has approximately 125 
plant miles and is located in an area of 
Texas (200 miles inland from the Gulf) 
where thunderstorm activity is very 
high (from 80 to 90 thunderstorm days 
per year, and many days with multiple 
storms). 

In the rebuilding process, Nacog- 
doches Cable TV incorporated some 
system grounding procedures which 
should prove interesting to other oper- 
ators plagued with system outages re- 
lated to surges. The key points to their 
program were as follows: 

(1) A 6 foot grounding rod was in- 
stalled at every active device 
location; 

A 6 foot grounding rod was in- 
stalled at every AC power sup- 
ply location; 

A 6 foot grounding rod was in- 
stalled at every first, last, and 
tenth pole (per run) throughout 
the system; 

At these ground-rod locations, 
all of the CATV facilities lo- 
cated at these locations were 
common-bonded to all adjacent 
(same pole) utility grounds or 
strands; 

The inputs to all AC power sup- 
plies were surge protected with 
GE (General Electric) pellet- 
type lightning arresters; 

At each AC power supply loca- 
tion, a time delay (relay) sys- 


(4) 
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tem was installed to disconnect 
the power supply AC input 
mains from the AC (CATV) 
supply when a surge was de- 
tected, resetting after the 
surge time had passed; 
Gas-filled diodes were installed 
on the ports of all amplifiers in 
the system. 


CHECKING THE SYSTEM 


The rebuilding program was com- 
pleted at the beginning of the peak 
thunderstorm period for the area. Dur- 
ing these storms, the system experi- 
enced trunk, bridger, and line extend- 
er amplifier failures, in spite of the 
numerous precautions. Because the 
system had recently rebuilt, and the 
“improved level of service” promised 
by the system to the city was being 
destroyed by the frequency of surge 
outages, the City Council called TCA 
on the carpet and asked for some indi- 
cation that the problem would be re- 
solved. 

Wayne McKinney, TCA Chief Engi- 
neer, and Fred Dempsey, then Nacog- 
doches system engineer, established a 
system behavior monitoring system. 
The system’s operation was closely 
monitored for 30 days, at the end of 
which it was found that: 

(1) 32 DC power supplies in the 
amplifiers had sustained cir- 
cuit, component, or board dam- 
age during the 30 days; 

29 “fuses” were blown at other 
amplifier locations, resulting in 


(2) 
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outages and some minor circuit 
cremation; 

90% of the outages occurred on 
5 of the system AC powering 
sections, and all 5 AC powering 
locations were located on ter- 
rain which was “above” (rela- 
tively speaking) the terrain in 
the general CATV area. 


(3) 


ENTER SURGE PROTECTION 
MODULE 


In spite of the protection measures 
taken by the system designers/plan- 
ners/rebuilders in the solid-state re- 
construction of the system, something 
else was needed to correct the prob- 
lem. 


The TCA people took their problem 
to the industry and found a solution. It 
turned out to be the installation of a 
newly developed (then) surge protec- 
tion device (1). 

Willard Truckenmiller of C-COR 
recommended to TCA that they (1) in- 
stall a surge protection device on the 
secondary of the power transformer in 
each trunk and bridger amplifier, and 
(2) install a transient protection device 
on each of the AC power supply loca- 


(1) In Nacogdoches, TCA installed the 


C-COR Model SPM-53 at trunk and 
bridger amplifier locations, and the 
Model TSM-93 at power supply loca- 
tions. C-COR’s address is 60 Decibel 
Road, State College, Pa. 16801. 
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SPM DEVICES—HOW EFFECTIVE? 


As related in this report, the Surge 
Protection Module device (in this case 
C-COR SPM-53 and TSM-93) installed 
by Nacogdoches Cable TV, has proven 
to be an important part of the “mix” of 
system surge protection techniques. 
But, just how effective is the “SPM”? 
Another feature in this issue of CATJ 
suggests it has certain applications. 

CATJ asked C-COR just how effec- 
tive they felt the SPM type unit would 
be. We were told: 

(1) An SPM unit protects by volt- 

age fold back phenomena which 
limits power dissipation. It 


automatically extinguishes it- 
self and resets at the zero cross- 
over of each one-half cycle of AC 
voltage. 


An SPM is NOT a substitute for 
good system practices. It should 
be considered a “mop-up” unit 
for severe conditions. Systems 
must still practice good ground- 
ing techniques, lightning ar- 
resters at the input toe power 
stations, gas diodes at amplifier 
ports, and time delay relays on 
AC power supply stations. 
CATJ then asked C-COR how a sys- 
tem goes about selecting an SPM unit 
for their particular system and ampli- 
fiers: 

(1) Select an SPM which will not 
fire under normal AC power 
conditions. The SPM firing volt- 
age must be above the AC volt- 
age maximum. 

Mount the SPM in the amplifier 
so that it utilizes the metal am- 


tions (on secondary of AC supply). In 
all, 50 trunks and 59 bridgers were 
protected in this manner. 


For a 2 week period immediately fol- 
lowing the installation of the protec- 
tive devices, the system monitored 
system performance. The system re- 
ported that the thunderstorm activity 
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plifier housing as a heat sink. 
Connect the leads across the 
secondary of the power trans- 
former, or in the AC power in- 
put circuitry (as a second 
choice). 

Adjust the amplifier “main 
fuse”, if there is one, to prevent 
the nuisance tripping of the fuse 
when a surge causes the SPM to 
fire. This should be determined 
on the bench before the units 
are installed wholesale in the 
field. 

Are SPM’s all alike? Apparently dif- 
ferent manufacturers have slightly dif- 
ferent approaches to the SPM design 
problem, but the principal appears 
very similar between units. Because of 
the difference in amplifier operating 
voltages, there are specific SPM units 
for different amplifiers (brands), at 
least at C-COR. For example, the 
C-COR Model SPM-53 (which handles a 
maximum voltage of 53 volts AC, a rec- 
ommended operating range of 30-48 
volts AC, and a clipping voltage [peak] 
spec of [+/—] 75 volts) is designed for 
the Jerrold Starline 1, Starline 20, 
Starline 20 push-pull, and C-COR 400 
series amplifiers. 

The long and the short (pardon the 
pun!) of it is that you need to check the 
specific requirements of your own 
plant amplifiers, and pay particular at- 
tention to your existing grounding 
techniques, before you talk with an 
SPM supplier about protecting your 
own system for the coming barrage of 
Mother Nature. 


during that 2 week period was compar- 
able to the previous month when the 
large number of outages occurred. 
During this monitored period, the sys- 
tem experienced only one episode of 
equipment failure (at a bridger ampli- 
fier location). It turned out later that 
the bridger module was probably de- 
fective prior to installation. 
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SUMMARY 


Approximately 21/2 years have gone 
by since the TCA system in Nacog- 
doches rebuilt and went through an 
anxious post-improvement period. 
TCA’s Wayne McKinney reported, “As 
far as we can tell, the SPM units have 
continued to work for us since they 
were installed.” McKinney added, “For 
the price of the SPM type unit, it is 


hard not to put them in, because just 
going out and replacing a fuse one time 
can cost you more as an operator than 
the one-time cost of the SPM.” 

The SPM, like the Siemen’s device, 
is sort of a “trust me...I’m working” 
device. Unless they short (in failure), 
you have a difficult time checking them 
while they are installed in the air. 
They can be checked, but the proce- 
dure is usually done in the shop. 


CLASS-I-CAT RATES: Classified advertising space 
is available at 8 cents per letter or space between 
words. Type or print insertion required, add the 
total number of letters and spaces between words 
and multiply by 8 cents. Enclose full payment with 
advertisement. The deadline is the 20th of the 
month preceding the publication in which you wish 
your ad to appear. CATJ box numbers (for the for- 
warding of replies) are available at $5.00 per issue. 
Send insertions to CATS CLASS-I-CATS, 4209 NW 
23rd Street, Suite 106, Oklahoma City, Ok, 73107. 


GREEN SHEET — SOUTHWESTERN OPERA- 
TORS DEPEND UPON THE NEW FREE LISTING 
SERVICE OF THE GREEN SHEET, A MONTHLY 
LISTING OF HUNDREDS OF PIECES OF USED 
CATV EQUIPMENT FOR SALE. YOU SHOULD 
TOO. GET ON THE GREEN SHEET MAILING 
LIST, FREE. WRITE GREEN SHEET, P.O. BOX 
20335, OKLAHOMA CITY, OK. 73120. 


WANT TO BUY — JERROLD 1 WATT CARS 
BAND MICROWAVE TRANSMITTER AND RE- 
CEIVER (SAME FREQ, ANY FREQ LEGAL), 
WORKING ORDER. SEND DETAILS & PRICE 
TO BOX W1, “CATS, 4209 NW 23RD, SUITE 
106, OKLAHOMA CITY, OKLAHOMA 73107. 


WANTED: MAN TO TAKE FULL RESPONSI- 
BILITY FOR PRIVATELY-OWNED, 20 MILE, 
700 SUBSCRIBER SYSTEM LOCATED IN 
SOUTHERN CALIFORNIA MOUNTAINS. SEND 
RESUME AND REQUIREMENTS TO: BOX 275-1, 
%CATJ, 4209 NW 23RD, SUITE 106, OKLA. 
CITY, OK. 73107. 


they are tax deductable! 


Send to: 


Tracing early CATV history is a very tedious job. With the possible exception of NCTA 
Membership Bulletins printed in the 1950’s, mention of CATV in national trade 
(electronic) publications is infrequent at best. In order to do a better job of keeping 
readers advised of important events today, CATJ is building a reference library of im- 
portant events in CATV of yesteryear. But we need your help. Specifically, we need 
complete collections of 1950-1970 trade publications, and other news sources. Perhaps 
you have stacks of old magazines and the like around your office, which would help 


complete missing periods in the CATJ Reference Library. Donations to the CATJ 
REFERENCE LIBRARY of the following publications will be gratefully accepted, and 


TELEVISION DIGEST — 1946 to present 
NCTA MEMBERSHIP BULLETIN — First issue to present 
RADIO ELECTRONICS MAGAZINE — 1946 to 1970* 
RADIO TELEVISION NEWS — 1946 to 1970* 
PROCEEDINGS OF IRE/IEEE — 1936 to 1970* 


*Only certain issues needed; inquire before shipping. 


CATJ REFERENCE LIBRARY, 4209 NW 23rd, Suite 106 
Oklahoma City, Oklahoma 73107 
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DELTA- BENCO- CASCADE 
EQUIPMENT OPERATORS 
ComSonics Inc. OFFERS: 
# Complete Repair Service on 


Alt. DELTA - BENCO- CASCADE 
Equipment 


Complete Repair Service on 
All. Types of CATV Amps 


%* List of Typical Repair Cost 
Available on Request 


% For Other Available Technical 
Services Write or Call 


i. = \ Com ; 
\ saw? ©" SOMCS nc 


PO. BOX 1106 
HARRISONBURG, VIRGINIA 2280! 
PHONE (703) 434-5965 


YOUR FULL SERVICE TECHNICAL CENTER 
SERVING 
MSO'S AND INDEPENDENT SYSTEMS 


JERRY CONN & ASSOCIATES 


* Representing CCS HATFIELD 
* Representing 
LRC ELECTRONICS 


ALUMINUM AND “F” 
CONNECTORS 


CALL (717) 263-8258 OR (717) 264-5884 


550 CLEVELAND AVE. 
CHAMBERSBURG, PA. 17201 


" R. F. TRANSISTORS " DIODES 


* POWER TRANSISTORS * BREAKERS 


* HYBRIDS * CAPACITORS 


COMPLETE STOCK OF HIGH RELIABILITY 
REPLACEMENT COMPONENTS FOR CATV EQUIPMENT 


ROADBAND 850 OLD DIXIE HIGHWAY 
LAKE PARK. FLORIDA 33403 


{305) 844-2458 


NGINEERING, INC. 
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ADJUSTABLE 
AC DELAY CIRCUIT 


features housing made with plastic material 
&. 
| ieee | 
Aico aed, $ 
- % 
mo = 
MODEL AC-20 AC Delay Circuit 
+ Input: 110V 60Hz 
Output: 110V 60Hz, 1000 watts 
Delay Time: 20 seconds * 5 seconds 
Release Time: /2 sine wave 60Hz 
Withstands severe environmental conditions 
Capacity 1000 watt 


\. 


HIGH SPEED SURGE AND 

VOLTAGE SUPPRESSOR 

* Service: 110/120 VRms to 
60Hz 

* Suppressor: Line to line 
143 VRms 200V peak 
Line to ground 250V 
peak 


MODEL PP-10 Response Time: 50 NS 
Max single surge current: 


Surge and Voltage 23 Amps for 8.3 ms 
Suppressor * Peak power dissipation 
4,600 watts for 8.3 ms 

Call Ernie Larson for details! 
Interstate Telephone and Electronics 


P.O. Box 34497 Dallas, Texas 75234 
Telephone (214) 242-7536 


ZAP! 


Are power line surges your problem? Do 

thunder storms shut you down? Then 

prevent equipment damage with C-COR'S 

SURGE PROTECTION MODULES installed 

in your amplifier stations. Universal applica- 

tion and economical protection for any make. 
Write for specs, applications information and prices. 


oe 


(ame) 


C-COR Electonics, Tne 
(4 - 
60 Decibel Road, State College, Pennsylvania 16801 
Telephone: 814-238-2461 
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Great Antennas 


d 
NOW ee Tenors 


from 


ONE SOURCE! 


U.S. Tower Company has been joined by 
well known CATV antenna engineer Tony 
Bickel in the design and production of the 
newest, but finest, commercial line of logs 
and farge parabolic dish antennas for 
CATV.. 


RECENTLY INSTALLED 
24’ DISHES 


North Myrtle Beach, S.C. 
Jackson, Tn. 

Hartford City, Ind. 
McMinnville, Tn. 
Harriman, Tn. 

Russel Point, Oh. 
Oakridge, Tn. 


Our 24 foot (and larger) parabolic dish 
antennas are low cost, but sturdy and very 
well. designed. Most presently installed 
antennas are bringing in 100-150 mile 
UHF TV signals. Our new line of high gain 
logs are available ready to assemble on 
site (to save money!). Contact us for your 
towerand antenna needs. 


U.S. TOWER & FABRICATION 
COMPANY 
P.O. Drawer ‘‘S’’ 
Afton, Oklahoma 74331 


(918) 257-4351 


TECHNICAL TOPICS 


MID-STATE RESPONDS 


Your series of articles on Signal Level Meters has been 
super. As the designer and manufacturer of SLIM, we are 
listening very carefully to your comments and criticisms 
on what is available and what needs to be available to the 
CATV market. 

| would like to make a few comments about the ‘‘What 
We Did Not Like’’ portion of the Mid-State SLIM review. 

1) Regarding the briefness of our theory of operation 
section of the owner’s manual; this is a point well taken, 
and we will soon have a more complete manual, which 
among other things will include a replacement parts list 
and functional schematic diagram. 

2) Regarding our stripped attenuator knob; this is a 
very good quality plastic knob with brass bushing insert. 
However, when you returned the meter, that knob was 
stripped, a quality inspection oversight that should not 
have occurred. 

3) Regarding the leather carrying case cover; the case 
cover is designed to swivel around out of the way and 
there are two snaps to which the cover is secured while in 
an operating position. This feature was apparently over- 
looked (It was - Editor). This is a feature that will be 
explained in our (new) manual. We will be offering very 
soon an optional meter case, metal, with a piano-type 
hinged cover that does open upward as you suggest. It 
will have a strand hook and be a more conventional (727) 
type housing, for those systems that prefer this type of 
case. 

4) Lastly on meter tracking; | personally unpacked and 
inspected the evaluation unit that you had and indeed 
there was a 1.0 db tracking error on the left edge of the 
meter face. | wish you had attempted to correct this with 
the internal control in the meter, as you stated in the 
article you were “‘tempted to do’’. | followed the owner’s 
manual procedure to the letter and got the meter tracking 
to with 0.15 db over the entire 20 db range and it is 
dead-on (i.e. perfect) in the center 10 db. 

We are appreciative of your excellent criticisms and 
very grateful for your praise. Thank you. 


Doyle T. Haywood 
Vice President/Dir. Engineering 
Mid-State Communications, Inc. 
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MISSING VALUE 


The December CATJ contained a report on elementary 
bandpass filters (Pages 11-18). The schematic drawing at 
the top of Page 16 (Diagram 6) for low band/high band 
splits neglected to give the value of the fixed capacitor 
connected in series from L3 to ground (low band out leg). 
The correct value for that capacitor is 10 pF. 
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Sometimes 1t’s nice to have that 


"SOMES" IN 
TE LING,.,7 


ESPECIALLY IF IT’S IN 


indsay 

CATV 

APARTMENT EQUIPMENT 
CABINETS 


CONTROL MASTER CABINETS” 
AVAILABLE IN 10 SIZES 
TO FIT ALL YOUR NEEDS 


USES STANDARD PADLOCK 
{not included) 


OPTIONAL CYLINDER LOCK 
(Key Alike) 


OPTIONAL 
VENDING MACHINE LOCK 
(Key Alike) 


“WITLL STACK OUR CABINETS 
AGAINST ANY 
IN THE INDUSTRY!” 


“TONER, Where Experienced People and Proven Products in Stock Make the Difference” 


inati TONER CABLE EQUIPMENT, Inc. 
CALL or WRITE for Complete Specifications, é : 
Ordering Information and Prices! TCE inc. 418 CAREDEAN eis aa Pagal PA. 19044 
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Would you believe a 
Jackpot every time? 


TOCOM “Blue Chip” signal handling system meets 


BULK RATE 
U.S. POSTAGE 
PAID 
OKLA. CITY, OK. 
PERMIT NO. 919 


today’s one or two-way needs with flexibility for 
tomorrow’s multipurpose system requirements. 


’ The TOCOM ‘'siot machine’”’ 
at NCTA paid a lot of win- 
ners, but you can beat the 
odds every time you specify 
our new ‘Blue Chip” signal 
handling system. 

The new “Blue Chip” 
system is a practical and 
economical answer to cur- 
rent and future cable sys- 
tem requirements. It gives 


output for harmonic sup- 
pression. The entire line 
mounts in astandard hous- 
ing to minimize inventory. 
Modular chassis design 
permits easy amplifier 
maintenance and 60 volt 
powering reduces power 
losses. 

For 23 years, TOCOM 
has been an innovative, 


one-way systems the advantages of ad- technology-oriented company. Why take 
vanced design and greater band-width, a chance when TOCOM experience 
plus conversion capability to two-way offers a ‘Blue Chip” jackpot every time? 


without obsoleting equipment. 
All “Blue Chip” high reliability, state- 
of-the-art amplifiers utilize integrated- init) 


circuit technology and provide push-pull Box 47066 » Dallas, Texas 75247 © 214/259-7691 


